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COMPLEX COMPOUNDS OF BIGUANIDE WITH TERVALENT 
“ METALS. PART X. HYDROXO-AQUO COBALTIC 
BISBIGUANIDINE AND ITS SALTS. 


By PRIYADARANJAN RAy AND SAILAJA PRASAD GHOSH. 


Diaminocobaltic bisbiguanide complex has been ‘prepared from the oxidation of 
cobalfous bignanide in presence of ammonia. The removal of ammonia from the latter 
with consequent hydrolysis in aqneons solution has led to the production of hydroxo-aquo- 
cobaltic bisbignanide complex, resembling the corresponding chromium derivative 
A series of salts, viz. sulphate, chloride, nitrate, dithionate, sulphite and thiosulphate, 
have been prepared, besides the free hydrated base. The last named, on dehydration, 
gave rise toa diol-dicobalt-tetrakisbiguanidine. The violet thiosulphate, on treatment 
with water or with an excess of sodium thiosulphate, gave a green, insoluble product 
which proved to be a yp-thiosulphato-tetrakisbiguanide dithiosulphato-dicobalt The 
complex hydroxo-aquo sulphate gave on dehydration a sulphato-hydroxo-cobaltic bis- 
biguanide with elimination of the aquo-group from the complex by the sulphato radical. 


In a previous communication of the series (RA&y and Dutt, J. Indian 
Chem. Soc., 1939, 16, 621) an account of the cobaltic trisbiguanidine and 


its various salts, which closely resemble the corresponding chromium 
compounds (R&y and Saha, ibid., 1937, 14, 670), was given. Hence, the 
preparation of chromium bisbiguanidine and its salts (Réy and Saha, 
ibid., 1938, 15, 353, 633) at once suggested the possibility of forma- 
tion of similar cobalt complexes, a description of which is given in the 
present paper. 


Chromium trisbiguanidine salts were found to hydrolyse slowly in 
aqueous'solution into hydroxo-aquo-bisbiguanidine derivatives with elimina- 
tion of amolecule of biguanide (Ray and Saha, loc. cit.). Cobaltic tris- 
biguanidine compounds on the other hand are quite stable and remain 
perfectly unaltered in aqueous solution either on keeping for a long time 
or when heated. ‘The preparation of cobaltic bisbiguanidine compounds— 
the hydroxo-aquo-cobaltic bisbiguanidine derivatives—can, however, be 
directly made from the cobaltous bisbiguanidine hydrate by oxidising the 
latter with air in presence of strong ammonia, a red diaminocobaltic 
bisbiguanide derivative being produced as ‘an intermediate product. 
The latter, on further treatment with air in aqueous solution, loses 
ammonia giving rise to a violet liquid, which, on neutralisation with 


. 
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sulphuric acid and keeping in the cold, yields red-violet crystals of the 
sulphate. 


2[Co(BigH*),] (OH), + 4NH;,; + H,O + 40, 
. 2H,0 7 ° 
=2[Co(NH;),(BigH*), ](OH);———>2[Co.H,0.0H.(BigH*),|(OH). 
+ 4NHs. 
where BigH=C.N,;H,y, one molecule of biguanide. 


These hydroxo-aquo-cobaltic complexes are very simllar to the corres- 
ponding chromium compounds in all respects, but much more stable than 
the latter. . 


The hydroxo-aquo-cobaltic bisbiguanidinium hydroxide hydrate, 
[Co(BigH*),.0H.H,0] (OH),.H,O, when heated to 80°, loses water even 
from the complex zone (total loss of water=20°78%), giving rise to a dark 
brown product of the composition Co(Big),OH, which can be Repieenie’ 
by the’only constitution, 


[ (Big) wok oie | 


(A diol-tetrakisbiguanidine dicobalt) . 
This is supported by the fact that on exposure to air the diol compound 
regains only 7°8% of its own weight of water without any change of its 
colour. An evidence in favour of the cis-configuration of the hydroxo-aquo- 
cobaltic bisbiguanide compounds is derived from this. 


The violet hydrexo-aquo-sulphate, when heated to. 80°, lost not only. 
its 2°5 molecules of water of crystallisation but also the water molecule from, 
inside the complex zone, giving rise to a brownish violet acido-hydroxo 
derivative—a behaviour analogous to that of the chloride of the chromium 
series (Ray and Saha, loc. cit.). No diol derivative was, however, formed 
in- this case, because the dried product regained its miglet colour and almost 
all its original water. 


_ —H,O 
[OH.H,0.Co(BigH*),]SO, ——>[(BigH*),Co.OH.S0O,]. 


The chloride [OH.H,0.Co(BigH*).]Cl,, HO, which crystallises with 
one molecule of water, loses its crystal water at go° and more at higher 
temperature leading to the partial formation of a chloro-hydroxo derivative, 
[OH.C1.Co(BigH*),]Cl. - . 
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The preparation of hydroxo-aquo-cobaltic bisbiguanidinium thiosulphate 
has revealed an interesting phenomenon. By the action of a solution of sodium 
thiosulphate en that of the complex chloride in equivalent amount in the cold, 
violet crystals of the hydroxo-aquo-thiosulphate were readily precipitated. 
If, however, an excess of thiosulphate solution’ be added, or if the violet 
crystals be left in contact with the solution for some time, specially in the 
presence of a trace of dilute acetic or other acids, an almost insoluble green 
product of the composition, [Co(BigH*),]; (S:Os)s'2H,O, is obtained. 
At go° this loses its water molecules without any change of colour. None 
of the thiosulphate groups could be removed by treatment with barium 
chloride solution in the cold. ‘The substance reacted neutral to litmus. 
On boiling with water it decomposed giving an orange solution (alkaline 
reaction) and a dull green residue. From the orange solution crystals of 
cobaltic trisbiguanidinium thiosulphate separated out on cooling. After 
filtering off the latter, the solution was found to contain biguanide and S,0,” 
(tetrathionate) besides S,O,” (thiosulphate). The dull green residue, on 
analysis, proved to be a basic cobaltous thiosulphate. From a consideration 
of all these facts the following constitution 


205>——Co 
S,03 8:03 


ae 1m IIL a 
Cc 2H, 

might be assigned to the above described green product, one of the 
thiosulphate groups acting as a bridge between the two cobalt atoms. 
The alternative formula, [S,0;.OH,.Co(BigH*).], S,O; is barred by 
the fact that the water molecule is lost below 90° and hence is 
unlikely to be present inside the complex zone. Moreover, no  ionisable 
thiosulphate radical could be detected by treatment with barium 
chloride solution, though silver nitrate and lead acetate 1emoved 
all the thiosulphate fiom the substance. A third possible structure, 
[S,03.Co(BigH*).],5,03.4H;0, is also untenable for the reasons already 
stated. Besides, it is a well established fact that the thiosulphate 
radical usually occupies only one co-ordination position. The decomposition 
of the green product by boiling with water is rather complicated and can 
be represented more or less as follows. 


Co—S,0;—Co ——>[Co(BigH*), | (S20s)1.5 


ee | 1,0 
$203 §,03 


+ OH.BigHs’(S,O.)o.5 + OH.Co.(S.03)o-5 
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It was observed that when the violet hydroxo-aquo-thiosulphate changes 
to the green product in contact with water, the latter turns strongly alkaline. 
This is obviously due to the formation of some free hydroxe-aquo base as 
represented in the following scheme. 


3,05 $405 
3[OH.H,0.Co(BigH*),]$,0;—> CO—S,0;—Co 
(BigH*), (BigH*), 


+[OH.H,0.Co(BigH*),] (OH), + 2H,0. 


The formation of the green product from the violet hydroxo-aquo salt, as 
already stated, is accelerated by the addition of a trace of acetic acid. On 
the other hand, it has been found that the reverse change occurs by the 
addition of diiute alkali to the green substance. The behaviour of the 
violet and the green product and their mutual conversion are summarised 
below. 


Naz5303 
[OH.H,U.Co(BigH*) ,|Cl—~> [OH.H,0.Co(BigH*), 15,03 
cold Violet / 
slowly a readily by _ excess * 
alkali 


water. | NaS 0s or trace of 
aci 


S205 $203 * 
Co—S,0;—Co [20 
(BigH*). (BigH*) 
e 


heated at 90°. 


” 


Anhydrous green. 


Besides the compounds described above, nitrate, sulphate and dithio- 
nate of the complex cobaltic bisbiguanide have been prepared. 


ExPERRIMENTAL. 


Diaminocobaltic bisBiguanidinium Sulphate.—Cobaltous bisbiguanidine, 

prepared by the action of strongly alkaline (with NaOH) biguanide sulphate 
’ solution in calculated quantity upon a solution of cobalt chloride, was 
washed free of alkali by decantation as rapidly as possible to avoid . 
oxidation by air. The product was filtered, treated with concentrated 
ammonia and the mixture was oxidised by passing a brisk current of air 
through it for several hours, fresh ammonia being added from time to time. 
The silky yellow crystalline biguanidine gradually dissolved to form a red 
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solution leaving a little brownish black residue. ‘This was filtered off. 
The filtrate often deposited red crystals on cooling The liquid was then 
neutralised with dilute sulphuric acid and kept in the cold fot a day or two, 
when red crystals of diamino-cobaltic bisbiguanidinium sulphate separated 
out from the solution. ‘These were purified by recrystallisation from dilute 
ammonia. The purified product was first washed with cold water containing 
a little ammonia, then with alcohol and afterwards dried in air. The 
substance dissolves in cold water forming a red solution which, on slight 
warming, readily turns violet due to the formation of hydroxo-aquo-cobaltic 
bisbiguanidiniumsulphate by hydrolysis. {Found: N, 30°60; Co, 10°84; 
SO, 2646. [ (NHs)3.Co.( BigH* )s ].(SO,)3.12H,O requires N, 30°73; 
Co, 10°78 ; SO,, 26°34 per cent}. 

Hydroxo-aquo-cobaltic bisBiguanidinium Sulphate,—The red solution, 
formed from cobaltous biguanidine and ammonia during the preparation of the 
previous compound, on further treatment with air current fora long time, 
gradually turned violet with separation of some brownish black piccipitate. 
When the colour of the liquid became quite deep violet, or when violet 
crystals appeared on the walls of the vessel, it was filtered. [he filtrate was 
then neutralised with dilute H,SO, and kept in the cold for crystallisation 
when beautiful, needle-shaped, violet crystals separated in quantities on the 
walls of the basin in a day or two. ‘These were admixed with a small 
amount of orange-coloured crystals of cobaltic t:isbiguanidium sulphate. 
‘These latter were removed by digesting the product several times with hot 
water in a mortar. ‘The purified violet crystals were then filtered, washed 
first with cold water, then with alcohol and finally dried over CaCl,. 

The substance forms long rectangular violet prisms, sparingly soluble 
in hot water. It is decomposed by mineral acids. {Found: N, 31 80; 
Co, 13°53; SO, 22°14. [ OH.H,O Col BigH* ). ]SO,-2°5H,O requires 
N, 32°03 ; Co, 13°50; SO,, 21°97 per cent]. 

When heated to 80°, the substauce lost 14°4% of water (3°5H,O) and 
corresponded to the composition, [OH.SO,.Co(BigH*),], a sulphato-hydroxo- 
bisbiguanidinium cobalt. The colour changed to brownish violet. On 
exposure to air at the ordinary temperature the product regained its original 
violet colour with absorption of 14°2% of its own weight of water (3 mols), 
corresponding to a dihydrated hydroxo-aquo-cobaltic bisbiguanidinium 
sulphate. > 

Hydroxo-aquo-cobaltic bisBiguanidinium Chloride.—The complex 
sulphate was digested with a cold concentrated solution of the calculated 
quantity of barium chloride in a mortar till the decomposition was complete. 
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From the filtrate from barium sulphate, the complex chloride was precipi- 
tated by the addition of absolute alcohol. ‘The crystals of the chloride 
" were dissolved in water and purified by reprecipitation with alcohol. The 
substance forms violet, rectangular prisms like the sulphate. {Found: 
N, 35°88; Cl, 18°60; Co, 15°44. [OH.H.O.Co(BigH*)./Cl,.H,0 requires 
N, 36°36; Cl, 18°44; Co, 15°31 ; per cent}. 


Equivalent conductivity at 26°. 


v (dilution in litres) 32 64 128 256 512 1024 
AY eos 93°76 100°96 107 90 T1041 II4°I2 12116 
A.(mean) ... 120°6 


dwoAy(x +m X Mite where 7, and ny are the valences of the cation 
and the anion (cf. Walden, ‘‘ Leitvermégen der Lésungen,”’ 1925, W, p. 33). 

The equivalent mobility of [ OH.H,O.Co(BigH*), ]**=120°6—76'54 
=44'06, the ionic mobility of chlorine being 76°54 at 26°. ‘The value is 
somewhat lower than that of the corresponding complex chromium ion, 
40x for which is 136°r mhos at 28 3° (Ray and Saha, loc. cit.). 

At 85° the substance loses 4°2% of water, which corresponds to its 
water of hydration (H,O=4'7%). Further loss occurred above go° and the 
substance decomposed at 120° with loss of 8°9% of water. 

‘The violet solution of the chloride, when heated to boiling, turns brown 
with slight decomposition. 

Hydsoxo-aquo-cobaliic bisBiguunidinium Hydroxide and Diol- 
tetrakisBiguanidine Dicobalt—The dark violet, needle shaped crystals 
of the base were precipitated by the addition of cold caustic soda solution 
to that of the complex chloride. ‘These were washed first with ice-cold 
water, then with alcohol and finally dried in CO,-free air. [Found: 
N, 40°02 ; Co, 16°86. [OH.H,0.ColBigH*),](OH),.H.0O. requires N, 40°20 ; 
Co, 16’95 per cent}. 

When heated to 80° the substance loses 20'78% of water forming a 
dark brownish violet product—the diol-tetiakisbiguanidine dicobalt (Calc. 
H,O, 20°70%). Onexposure to air at the room temperature the diol 
compound absorbed 7°8% of its own weight of water forming a partial 
hydroxide. 

‘The aqueous solution of the base, when heated to boiling, decomposes 
with separation of a brown precipitate. 

Hydroxo-aquo-cobaltic bisbiguantdinium nitrate was prepared by 
neutralising an aqueous solution of the above described base with dilute 
nitric acid and precipitating the complex nitrate from the solution by alcohol. 
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The violet crystals were washed first with ice-cold water, then with 
alcohol and afterwards dried in air. {Found: Co, 14,10; NOs, 29°85. 
[OH.H,0.Co(BigH*),|(NO,), requires Co, 14°03 ; NOs, 29°52 per cent}. 

Hydroxo-uquo-cobaltic bisBiguanidinium Sulphite—Blue crystals 
of the sulphite were precipitated by the addition of a cold, freshly prepared 
solution (neutral) of sodium sulphite to the cold mother-liquor left after 
the separation of the complex sulphate. The crystals were washed with: 
cold water and alcohol. They were then dried over CaCl,. {Found: 
Co, 15°70; SOs, 21°85. [OH.H,O.Co(BigH*),]SO, requires Co, 15°68 ; 
SO , 21°28 per cent}. 

Hydroxo-aquo-cobaltic bisBiguanidinium Dithionate.—Deep violet 
crystals of the dithionate were precipitated by the addition of a strong 
solution of sodium dithionate to that of the complex chloride. These were 
purified by recrystallisation from warm water. {Found: Co, 12°48; S,0., 
33°95. [HO.H,0.Co(BigH*).]S:0.-HO requires Co, 12°44; S:Os, 33°76 
per cent}. 

When heated to x05° it lost its water of hydration (Found: H,O, 
3°8%. Calc. HO, 3°79 per cent). No more loss occurred when the substance 
was further heated up to 130°. : 

Hydroxo-aquo-cobaltic  bisBtyuanidinium Thiosulphate.—Needle- 
shaped, violet crystals of the thiosulphate were precipitated by mixing 
solutions of the equivalent amounts of the complex chloride and sodium 
thiosulphate in the cold. The crystals were immediately filtered, washed 
first with ice-cold water and then with alcohol. ‘These were dried in 
air. {Found: Co, 13°75; S:03, 26°42. [OH.H,0.Co(BigH*),]S,03.H,O 
requires Co, 13°81; S303, 26°30 percent}. ‘The substance turns green on 
shaking with water and the supernatant solution becomes violet-red with 
alkaline reaction. 

Thiosulphato-tetrakisbiguanidinium  Dithiosulphato-dicobalt.—When, 
however, a solution of an excess of sodium thiosulphate was added to that 
of the complex chloride, the violet thiosulphate, first formed, changed 
immediately into a bright green insoluble product. The same substance 
was also obtained by the addition of an excess of sodium thiosulphate to 
the mother-liquor after the separation of the complex sulphate. The pure 
violet thiosulphate also changes into the green product on shaking with 
water and more readily by the addition of a trace of acid. {Found : N, 31°48 ; 


z $:0; S303 
Co, 13°14; SsQs, 37°80. Co—S,03;—Co .2H;,O requires 
(BigH*), (BigH*), 


N, 31°32 ; Co, 13°18; S,Os, 37°58 per cent}, 
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At 90° it lost 4°03 per cent of water. The dried substance gave (Co, 
- 13°80. Calc.: Co, 13°74; H,O, 4°03 percent). There was no change of 
colour on dehydration. 

.The substance is almost insoluble in water. When digested in the 
cold with barium chloride solution there was no reaction. ‘On boiling with 
water it decomposed as described before (vide supra). When treated with 
a solution of silver nitrate or lead nitrate all the thiosulphate were removed 
with formation of a cobaltic trisbiguanide salt in solution, which reacted 
acid. In the case of silver nitrate, black silver sulphide was formed from 
the decomposition of silver thiosulphate first produced. 

By the action of sodium nitrite solution on a solution of the complex 
‘chloride a moderately soluble, brick-red precipitate was obtained. It was 
alkaline in reaction An orange-yellow precipitate, neutral in character, 
was obtained by adding a solution of sodium nitrite to the mother-liquor 
left after the separation of the complex sulphate. By digesting the complex 
sulphate with a solution of barium nitrite a third compound, orange-red 
in colour and soluble in hot water, was isolated. All these substances were 
found to contain NO, groups, but none of them could be made sufficiently 
pure to give definite composition. 
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COMPLEX FORMATION IN AQUEOUS MERCURIC CHLORIDE 
-AND-POTASSIUM IODIDE BY CONDUCTIVITY, VISCOSITY 
= & - AND REFRACTIVITY MEASUREMENTS. 


By DusHYANT NARASINGASA SOLANKI AND BHASKAR GOVIND JosHI 


_ Complex formation in aqueous mercuric chloride and potassium iodide has been 
studied by the conductivity, viscosity, and refractivity measurements. The occurrence 
of breaks (maxima or minima) in specific conductivity, viscosity, and refractivitv 
composition curves has been attributed to the existence of molecular complexes of mer- 
curic chloride and potassium iodide. 


a 


Jaques (“Complex Ions in Aqueous Solutions,’’ Longmans, Green 
& Co., London, 31914, p. 48} has given an exhaustive review of the earlier 
wok on. meicuric chloride-alkali chloride complexes in aqueous system. 
The complexes of the type M,HgX,, MHgXs, in aqueous and non-aqueous 
solutions seem to have been reported by many investigators on freezing 
point, E.M.F., solubility and other independent grounds.* The impoitance 
of the reaction between KI-and HgCl, in analytical chemistry was pointed 
out by Koninck and Lebrun (Chem. Zentrl., 1902, II, 72), Kolthoff (Pharm. 
Weekblad, 1920, 97, 836) and others. Complexes of HgCl, or Hel, with 
KI in alcohol or acetone solutions have been studied by conductivity 
measurements (cf. Pernot, Compt. rend. 1927, 188, 950; Atin. Chim., 
1931, x, 15, 5; Gallais, Compl. rend., 1932, 198, 875). Foote and Martin 
(Amer. Chem. J., 1909, 41, 451) measured the conductivities of alkali 
chlorides in fused HeCl, at 282°; abnormal rise in- conductivity was 
attributed to complex formation. Job (Compt. rend.. 1925, 180, 1932), 
Shibata and Ionone (Japan J. Chem., 1926, 2, 109), and Samuel, Zaman 
and Zubairy (Indian J. Phys., 1935, 9, 491) studied the formation of 
complex mercury salts by spectroscopic means. The present work, being 
an outcome of interesting results of Sharma and Kadhe in these laboratories, 
is intended to study complex formation i aqueous HgCl, and _K1 by 
conductivity, viscosity and refractivity measurements. : 


‘i Cf. LeBlahe and Noyes, Z. physikal. Chem , 1890, 8, gor; Clayton, Chem. News, 
1894, 70, 1023 Pawloff, J. Russ. Phys. Chem. Soc., 19cp, 83, 732, Dobroserdoff, ibid , 
1901, 88, 392; Sherill. Z. physikal. Chem, 1903, 48, 705; Sand and Breest, ibtd., 1907, 
89, 424; Dawson, J.,Chem. Soc., 1909, 98, 870, Bonrion and Rouyer, Compt. rend., 1924, 
178, 86, 1171; Vajnik and Uberoy,.J. Amer. Chenr. Soc., 1924, 46, 80, 
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ExPERIMENTAL,. 


Merck’s guaranteed extra pure mercuric chloride and potassium iodide 
were used. Conductivity measurements of aqueous KI (M/2o0 and M/50) 
in presence of varying proportions of HgCl, were made at 15° and 30°, 
observing the usual precautions (cf. earlier communications by Joshi and 
Solanki, J. Indian Chem. Soc., 1937, 13, 323 , 1940, 17, 627). The maxi- 
mum concentration of HgCl, was such as to avoid the actual precipitation of 
Hegl,in the solution. The cell constant determined by using freshly 
prepared N/s0-KCl solution at 25°+0'1° was 03776. The same cell 
constant was used for calculating the conductivity at 15° and 30°, its varia- 
tion with temperature, especially for 5°-10° diflerences, being negligible. 


The viscosity determinations of the mixed solutions of KI and HgCl, 
were also made at 15° and 30° by adopting Ostwald’s method Extreme 
precautions were taken specially in cleaning the viscometer and in maintain- 
ing the temperature control within o'05°. The densities corresponding to 
these solutions were determined at the above temperatures. 


The refractive index for the sodium line was determined for each of 
the above mixtures by means of Pulfrich refractometer at 15° and 30° with 
the usual precautions. , 


The strength of the mixture in terms of its components, potassium 
iodide and mercuric chloride, is recorded in column x in Tables ]—IV ; the 
concentrations of the components are expressed for the system afte: mixin 2: 
Colunin 2 gives the resistance in ohins for the nixed solutions. In column 3 
are given the specific conductivities in mhos fer the mixtures ; in column 4 
are given the specific conductivities for the corresponding concentrations 
of mercuric chloride present-in the mixture as shown in column I, 
Column 5 gives the percentage departure of the specific conductivity of the 
mixture (column 3) from that calculated by applying the additive rule. 
Columns 6 and 7 give respectively the viscosities and densities of .the 
mixtures. ‘The refractivity data for these mixtures are shown in column 8 
and 9 ; column 8 gives the angle of emergence after correction for zero 
error and column g gives the refractive index for sodium line. All these 
results for the mixtures are shown graphically in Figs. 1 to 4. The 
quantities, viz., the specific conductivity, percentage departure of the specific 
conductivity from that obtained by the additive rule, viscosity, density and 
refractive index are plotted against the concentration of mercuric chloride 


present in the system by appropriate selection of scale units in the same 
figure to economise space (Figs. 1 to 4). 
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DISCUSSION. 


Data shown under column 4 in Tables 1-1V indicate that HgCl, behaves 
as an extremely weak electrolyte, almost a non-electrolyte as is obvious from 
the exceedingly low order of the specific conductivities in agreement with 
the resuits previously published (cf. Joshiand Solanki, loc. cit.). Results in 
‘column 3 show that with the addition of HgCl,, the specific conductivity of 
the resulting mixture of KI(M/20 and M/s50) and HgCl, gets diminished 
considerably; the diminution produced increased with increased concentra- 
tion of HgCl,. In other words, the specific conductivities of the resulting 
mixtures show considerable departures (results in column 5) from those 
calculated by applying the additive law for the corresponding mixtures, viz., 
the specific conductivity of the mixture equals the sum of the specific 
conductivities of the two components, each determined separately. For 
‘mixtures of certain salts, such as NaCl and KCl, for which no complex 
formation is anticipated, the deviations from additive behaviour are less 
than the experimental error in conductivity (cf. Sandonini, Gazetta, 1916, 
“di, 46, 205; also Jones and Oata, Amer. Chem. J., 1899, 22,5) and 
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refractivity measurements (cf. Eberhard, Rimbach and Wintgen, Z. physikal. 
Chem., 1910, 7%, 230). Results for the conductivity of aqueous benzoic 
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acid (cf. ea1lier communication from these laboratories, Joshi and Solanki, 
loc. cit.) in the presence of LiCl, NaCl, KCl, RbCl, etc., show that additive 
law holds for the mixture. The observed diminution in conductivity and 
correspondingly the departure of K] and HgCl, might, therefore, be attri- 
buted to complex formation. The molecular complexes of HgCl, and KI 
have been shown to exist, independently by several observers : Gallais 
(loc. cit.) by conductivity measurements, Shibata and Ionone (loc. cit.) and 
Job (loc. cit.) by spectroscopic methods, Bourion and Rouyer (loc. cit.) 
“ebullioscopically, Yajuik and Uberoy (loc. cit.) by viscosity measurements 
and also by refractivity measurements The specific conductivity and its 
percentage departure graphs in Figs. 31-4 and also viscosity and refractive 
index graphs in Figs. 1-3 show remarkable similarity, i.e., while the visco- 
‘sity increases, refractive index decreases roughly to the same extent until 
in the former case a maximuin and in the latter case a minimum are 
obtained. The oceprrence of this discontinuity (except in the case of 
density), i.e., the minima in specific conductivity-, and in refractivity-, and 
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maxima in viscosity-composition curves can, therefore, be taken as indica: 
tive of complex formation and the composition .of the complex forined -being 
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noted from the composition corresponding to the position of minima or 
maxima-in the respective curves (cf. Figs. 1-4). All the measurements lead 
probably to the existence of a complex of KI and HgCl, in the molecular 
proportion, 10 KI, HgCl,. Viscosity measurements indicatéd the existence 
of another complex 20 KI,3HgCl,. Our data also show an indication of 
another break in the respective curves coiesponding to a point in the 
vicinity of maximum concentration of HgCl, tried, roughly corresponding 
to a formula, 4-5 KI,HgCl,. The breaks in the respective curves are sharp 
and well defined, especially in concentrated solutions and at a low tenipera- 
ture thus showing that the complexes formed in the aqueous system disso- 
ciate at high temperature and dilution. : 

The authors express their indebtedness to Dr. S. S. Joshi, for 
suggesting the problem and giving valuable help and criticism during the 
course of the investigation. 
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THE ELECTROCHEMICAL PROPERTIES OF SILICIC ACID 
SOLS. PART IH. VARIATIONS IN THE P,, SPECIFIC 
CONDUCTIVITY AND TOTAL ACIDITY OF 
SILICIC ACID SOLS WITH DILUTION 


AND WITH TEMPERATURE.* 


By B. CHATTERJKE AND A. SEN. 


The free and total acidities of silicic acid sols change linearly with concentration 
and the degree of dissociation remains practically c nstant. The variation of conduc- 
tivity with dilution shows departures from a linear relation The values of the hydrogen 
ion concentration of the sol and its dilutions calculated from the px and the specific 
conductivity show fair agreement. The free and total acids of silicic acid sols as also 
their degree of dissociation do not materially change with temperature between 1° and 
50°. The specific vonductivity increases linearly with temperature. The temperature 
coefficient at 18° is about 2%. 

The potentiometric titration curves of silicic acid sols with concentrated 
alkalis resemble those of a weak mogobasic acid in* true solution 
(Chatterjee, J. Indian Chem. Soc., 1939, 16, 589.) On the gradual 
addition of alkali the px rapidly rises to about 9'5, then at a slower rate and 
the curve finally shows an inflexion point (second inflexion point) between 
pu i1'o and 117 corresponding to the formation of NaHSiO;. The first 
dissociation constant of silicic acid has been obtained from the values 
of S, the concentration of dissolved silica and the following relation 


K,S=[H*]{[H*]+[B*] -[0H7J}, 


where K, is the first dissociation constant of silicic acid; B*, the 
concentration of Na*. K, has a mean value of 5°2x107'°, On closer 
examination, however, the resemblance with a weak acid in true solution 
appears to be. superficial. The buffer capacity (AB/Apsz) of thé sol 
is considerably greater than that of a dissolved acid having the same 
dissociation constant and total acidity as the sol. ‘Titration curves with 
dilute solution (o'orN) of NaOH, Ba(OH), and Ca(OH), show an 
inflexion point in the acid region between px 4°5 and 5°6. The range 
of ps in which the inflexion point has been observed with several bases 
are with NaOH, 5°17 to 5°4; with Ba(OH),, 4°80 to 5°6 ; and with Ca(OH),, 

« The results given in this paper have been taken from the published annual reports 


for 1938-39 and 1939-40 on the working of a ‘Scheme of Research into the Properties of 


Colloid Soil Constituents’ financed by the Imperial Council of Agricultural Research, 
India. ; 
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4°5to5'5. The total acid at this inflexion point and the free acid calculated 
from the initial pa of the sol are of the orde: of 10°*N; the degree of 
dissociation, i.e., the ratio of free to total acids has been found to lie between 
o'5 toro. ‘The total acid neutralised at the first inflexion point is the same 
for all these bases. ‘The slopes of the titration curves, however, show that 
the relative intensities with which different bases react with the sol are in 
the order Ca(OH), >Ba(OH), >NaOH. The amount of acid neutralised 
at the inflexion point in the titration curve with a dilute base, however, 
does not represent the total neutralisable acid of the sol. Much lager 
amounts of acids are set free by repeatedly leaching the sol with solutions 
of neutral salts (Chatterjee, J. Indian Chem. Soc , 1939 16, 607). But 
the total acid thus found constitutes a very small fraction (about o’oorx3) 
of the amount of silicon dioxide (estimated as orthosilicic acid) present, 
indicating that the reaction is confined to the surface. The amount of acid 
liberated by different chlorides are in the order: Bat'!>Cat*>Na*>Lit. 
In the present investigation the variations with (2) dilution and (ii) tempera- 
ture have been studied. Experimental details and fuller references to ° 
previous work have been given in the two papers referred to above. 


7 


Change- brought about on Dilution, 


Rabinowitsch and Laskin (Z. physikal. Chem., 1928, 104, 390) studied 
the variations of free and total acids with dilution. They concluded that 
the degree of dissociation increased with dilution 1eaching the apparently 
improbable value of 330 per cent at a dilution of 128. They attributed 
this increase to the progressive hydrolysis of the acid anhydride molecule 
contained in the colloidal particles and their subsequent dissociation. ‘The 
total amount of neutralisable hydrogen ions estimated by multiplying the 
total acidity of the diluted sols by the dilution greatly exceeds the total 
amount of neutralisable acid of the undiluted sol. Ina later paper Rabino- 
witsch and Kargin (Trans Faraday. Soc., 1935, 34, 289), however, attributed 
the hydrogen ion activities of silicic acid sols measured by Rabinowitsch 
and Laskin (loc. cst.) and others to foreign electrolytes. In previous work 
in this laboratory (Mukherjee and co-workers, Indian J. Agric. Sct, 1934, 
4, 733; Mukherjee, Kolloid Z, 1934, 687, 178) on the changes in the free 
and total acid of silicic acid sols with’ dilution, it was observed that the 
hydrogen ion activities of the sol varied with dilution in a manner different 
from that of an acid in true solution. The sols used by Mukherjee and 
co-workers contained appreciable amounts of hydrochloric acid and some 
of them also contained small but visible flocks. The titration curves were 
often irregular and showed several breaks simulating those of a polybasic 
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acid. These breaks were traced to the presence of these flocks and non- 
attainment of equilibrium and in later work in this laboratory (Chatterjee, 
loc. cit.) the improvements in the experimental technique have resulted in 
reproducible and smooth titration curves. The present investigation has 
been carried out with more carefully purified sols. 


Variations in the pu and Specific Conductivity on Dilution. 


The variations with dilutions in the ps , free acidity and specific 
conductivity of sols U and W are shown in Table ]. Water having a specific 
conductivity of rx to 11510 ®* mbho at 35° has been used for diluting 
the sols. , 








TasLe I. 
Specific conductivity x 10° mho. 

System. ‘ Colloid pu. sol. ultrafiltrate. correctedt Free acidity Corrected 
content g. . x r05N sp. condy. 
mol. per xdilntion. 10° mho. 

litre. x dilution. 

SolU :- 0°30 4°38 46°3 27°2 19°I 4°20 Ig k 

4°37 
» Uf2 O°15 4°54 
7 4°68 43°5 16'2 TR 4°60 14 6 
; 4°67 . 
» Ul4 0'075 = 4°96: t0°3 63 fo” 444 16'0 
: 4°95 . 
» U/8 07038 = 5'a9.s7° 5I 2°0 "4°48 16'0 
5°20 e 
Sol W .o'26 3°87 
385 765 ~ 9'5 67°0 13'8 67°0 
3°86 ; 
1» Wi 0°13 4°I3, 35°9 5°2 30°7 14°8 614 
_» Wi4 0065 4 52 16°5 30 13°5 12°0 540 


* Specific conductivity of equilibrium water is calculated to be about 1’0 x 10° *mho 
at this ftemperatnre. 
t+ The specific conductivity of a sol minus that of its ultrafiltrate. 
Considering the experimental errors and methods of calculation, it may 
-be concluded from the data given in Table I that the concentration of 
neutralisable hydrogen ion obtained by multiplying the hydrogen ion 
concentration of the dilute sol by the number of times the sol has been 
diluted remains practically constant. The conductivity obtained by mul- 
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tiplying the corrected specific conductivity with the dilution show variations 
somewhat greater than the experimental error. 


Agreement between Activity and Conductsvity Data. 


The hydrogen ion concentrations have been calculated from their 
corrected specific conductivity (Table I) using the formula, 


C, = 2000 corrected specific conductivity 
See ee ee Oe eT LY: 

Ua + Veolloia 
where Ux =404 and Vootota 24 at 35°, compared in Table I] with those 
from the fu values. The above value of Veotoa has been calculated from 
c.v. measurements which show that it hasa value of 20 at 25° and tem- 


perature coefficient of 2 %. , 


Tasre IT. 
Free acidity x 0°N calculated from 
System. Pu. Corrected* sp. pu. Corr: sp. condy. 
condy. x z0%. 

Sol U 4°38 1g°x mho 4°20 4°47 

vw» U/2 4°63 73 2°30 1°71 

w» U/4 4°96 40 IIL 0°93 : 

» U/8 5°45 2'0 0°56 O47 ta el 
Sol W 386 67'0 13°8 15°7 

n Wi/a 4°13 30°7 74 72 

»» W/4 4°52 13°5 370 34 


The agreement should be considered fair in view of the experimetal 
errors and the methods of calculation. Pauli and co-workers (Wolloid Z., 
1925, 36, 325; 1926, 38, 289; 1937,.79, 67) obtained that the Cx calculated 
from specific conductivity was higher than those from the pu. It is 
probable that account was not taken of the foreign electrolytes present 
in the sol. 


Vartations in the Total Acidity and Degree of 
Dissociation with Dilution. 


The total acid} of sol W and its dilution as also of sol U obtained, by 
titration with NaOH, are given in Table III and the degree of dissociation 


* Taken from Table I. 
+ Calculated at the first inflexion point in the titration curve with NaOH 
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calculated from the’free acid given-in Table:1], have also been shown in 
the same table. 


Taste II. 
System pu. ° Free acid Total acid Degree of dissociation. 
x10*N from x r08N. (%) 
pu. 
. Sol 4°38 4°20 4°0 tos (completely dissociated) 
Sol W 3°86 13°8 17°8'4°85)** 775 
1 W/a 4°13 74 9°6(4°93 )** 770 
» Wi4 4°52 3°0 4°1(5°37)** 740 


** Figures within brackets give the pu at inflexion. 


The total acidity of sol W changes almost linearly with concentration 
within the limits of experimental errors. The degree of dissociation about 
775%, does not materially change on dilution. For the same ratio of 
dilution Rabinowitsch and Laskin (loc. cit.) observed a change from 80% 
to 90%. 

A comparison of the free to total acidity shows that sol U is completely 
and sol W only 775% dissociated. This difference cannot, however, be 
ascribed only to the difference in the px of the two sols. 


Assuming colloidal silicic acid to behave as a uni-36 valent electrolyte 
in true solution, calculations using the equation as developed by Onsager 
(Physikal. Z., 1926, 27, 388) give a value of 0°774 for its degree of dissocia- 
tion at a concentration of 17°8N. ‘The variations with dilution in the degree 
of dissociation of such an electrolyte have been calculated and shown in 
Table IV. 


: : 6 po 
Ay An +o WAV 2p (i) 


where W=2Z,Z_ 24. 
Vitgq 


Z,Z(U,+0U,) 


ane 9 4 Z)(2U,+ ZU) 


Taste IV. 


Conc. (N) wos, = lade 0'000178 o"o00089 o*00004§ 


Degree of dissn.(%) -.. 17°4 83°9 89'9 





se 
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The degree of dissociation of the hypothetical uni-36 valent electrolyte 
increases regularly with dilution, whereas that of sol W (Table II) remains 
practically constant. The variations in the degree of dissociation of 
colloidal silica are thus not in accordance with Onsager’s theory. 

eee . 
‘ Changes with Temperature.* 
The free and total acids of three silicic acid sols T, U and W and the 
specific conductivity of.sols T and W at several temperatures are shown’ 
in Table V. - ‘ ; 





‘TABLE V: 
Sol. Specific conductivity pr Free acid Total acid a% 
x 10° mho. x10°N x10'N 
—_ —_—— SSS 7_—oCoo n-orooOrr o7~-~ooo 
r° 4° 3o® 35° 50° I° 35° 50° 1° 35° 50° x° 35° go" 1° 35° 50° 
T 31°3 51°0 57°0~69°8 4°15 4°19 73° 772 Jo's 10°0 = 695-710 
. 4°12 4°11 ; 
43.42 4.0 4'0 42 4'0 completely 
U 4°34 4°38 44x 40 dissociated 
: 4°39 4°39 © 
W 33'0 * 76°5 96'0 3°86 3°85 3°85 13°38 13:8 14°. 17°4.17°8 182 79 77577 
3°86 3°86 


It will be seen that a variation of temperature from 1° to 50° produces 


-* | 4° practically no change in the free and total acids. The amount of acid 


iz Fic. 1. 
. 5°65 
X—Trtration at 1C 
HAG ORS a Be 
5-25 ; 
\ 
4) 5°05 
q 
& 2 


4°95 


4°75 





x Conc. of added NaOH « 1c8N. 
* A note on this subject has been published in this Joninal, 1941, 1£, «3. 
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neutralised at the inflexion point thus appears to bea fixed quantity. It , 
has also beeri observed (Chatterjee, loc.. cit.) that that the total acid 
neutralised at the first mflexion point in the titration curves" with different 
bases is practically the same. ‘The inflexion point acquires a special signi- 
ficance in this sense. The potentiometric titration curves of sols T and 
U (Fig. x) at different temperatures practically coincide with one another. 
Those of sol W (Fig. 2) though giving almost the same total acidity at the 
inflexion points show a somewhat stionger buffer action with an increase 
in temperature, 

The specific conductivity changes linearly with temperature (Fig. 3). 
The temperature coefficient at 18° is 1'93 % in the case of sol T and 
2°3.% with sol W. Pauli and Palmrich (loc. cit.) obtained similar 
linear variations between 0° and go° and a temperature coefficient of about 
2% at 18°. 


Fic. 2. Fic. 3. 


10°5 





io] 
= 
& 8s 
3 
Lal 
x 
ke = 
C3 £ 6°5 
a& 2: 
3 
z 
$ 
& 4. 
4 4°5 
2°5 
° ro 20 ° 25 30 
Cone. of added base x 105N, ‘ Temp. 
Curves 1-3 refer respectively to titrations Curves 1 and 2 refer respectively 
at 1°, 35° and 50° to sol W and sol T. 


It appears from the data cited in Table V that the degree of dissociation 
of silicic acid sols do not change materially with ternperature between 1° 
and 50°. The change in the degree of dissociation of an electrolyte having 


* ‘NNtration curves of only sol U are given in Fig. 1, 
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the same concentration as sol W and 36-valent anion (p. 21) have been 
calculated using Onsager’s equation (loc. cit.) and shown in Table VI. 


Taste VI. 
. Temperature ies 2° 35° 50° 
Degree of dissn. (%) .. 82°7 77°4 76°3 


_ The calculated degree of dissociation is found to decrease with tempera- 
ture. The effect of temperature on the degree of dissociation of silicic acid 
sols cannot, therefore, be explained from a cousideration of Onsager’s 
theory. 


The authors take this opportunity to offer their sincere thanks to Prof. 
J. N. Mukherjee, D.Sc. for suggestions and for other facilities- and to 
the Imperial Council of Agricultural Research, India for financial help. 
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PHENYLTHIQCARBAMIDES. A CONTRIBUTION TO THE 
STUDY OF THE TRIAD-N'C:’S-. PART XI. OXIDATION OF 
PHENYLTHIOCARBAMIDE, WITH COPPER SULPHATE, 
CUPRIC CHLORIDE, COPPER NITRATE, FERRIC 
CHLORIDE AND IODINE. 


By RAMCHANDRA SAHASRABUDHEY AND Hans KRaAtL. 


Copper sulphate and cupric chloride have been found to be reduced by phenylthio- 
catbamide in acid medium with the simultaneous formation of complexes of the reduced 
salts. The reaction consists of two stages, primary and secondary. Primary re- 
action is independent of temperature, concentration of the reactions and dilution of the 
medinm; the secondary changeis largely influenced by temperature and is attended 
with the complex formation. 


The present communication records an examination of the unexpected 
phenomenon observed by Lal and Krall (J. Indian Chem. Soc., 1937, 14, 
477) that copper sulphate oxidises phenylthiocarbamide producing Hector’s 
base {Ber., 1889, 22, 1176). 


/CINH Ph) :N Je : NH)—S 
or Ph’NC 
CNH 'Ph): +N ‘C(: NH)—N‘Ph 
The action of oxidising agents Has often been studied (for ‘references vide 
J. Indian Chem. Soc., 1939, 16, 31). ‘The general course of the reaction 


is as follows; 


2C,H; ‘NH'CS’NH, +40—>Cy HiuN,S + 400 + Ss 
Hector's base. 


The present investigation has established that the reaction with copper 
sulphate or cupric chloride can be subdivided into primary and secondary 
changes. Tbe primary change which consists in the reduction of the 
cupric salt to cuprous state by phenylthiocarbamide which itself undergoes 
oxidation to Hector’s base is according to the general equation given 
above. Our experiments have shown that this change is independent of 
a change in the dilution of the medium, of concentration of the reactants 
and of temperature, but it takes place ouly in an acidic medium, the 
inherent acidity of the aqueous solutions of above copper salts being enough 
for the purpose. The secondary change which is largely influenced by 
temperature, takes place simultaneously with the primary one or closely 
4--1427P —1 
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follows it, and consists in the formation of insoluble complexes of unchanged 
phenylthiocarbamide with the cuprous salts giving mostly (Ph.Thi),” 
Cu,SO,, and (Ph. Thi),’Cu,Cl, at ordinary temperatures and (Phb.Thi),° 
Cu,SO, and (Ph.Thi),"CusCl, at roo°. Amounts of copper in the complexes 
obtained at different temperatures agree with the composition of the com- 
pounds above described. Cupric salts do not themselves combine with 
phenylthiocarbamide. But in acidic media they oxidise a part of phenyl- 
thiocarbamide to Hector’s base and the cuprous salts, so produced, immediately 
begin to combine with the unchanged phenylthiocarbamide to form insoluble 
complexes. ‘his removal of phenylthiocarbamide as insoluble complexes ‘ 
acts as a limiting factor on the extent of the oxidative change. The uature 
of the complexes formed is influenced by temperature and so the temperature 
affects the net result of the changes in as much as that for every two 
molecules of cuprous sulphate formed either six or twelve of phenylthiocar- 
bamide are removed in the form of complex. This is supported by the . 
fact that previously prepared cuprous chloride forms a complex with 
phenylthiocarbamide in a quantitative manner. 

It has been shown (Lal and Krall, J. Indian Chem. Soc., 1937, 14, 477) 
that silver nitrate combines with phenylthiocai bamide to form) an insoluble 
complex and possibly it is the insolubility of this which prevents any 
oxidation-reduction in the case of silver nitrate. 


Ferric chloride has been found to oxidise phenylthiocarbamide to 
Hector’s base, itself undergoing reduction to colourless FeCl,. No complex 
appears to be formed in this case as the solution becomes colourless and 
shows only the turbidity due to precipitated sulpbur on standing, but no 
bulky complex is precipitated and the reduced salt can be completely 
precipitated as Prussian blue with potassium ferricyanide. 


Copper nitrate in aqueous solutions and aqueous iodine in acidic media 
have also been found to oxidise phenylthiocarbamide to Hecto1’s base. 
These reactions are proposed to be investigated in further detail. 


ExPRERIMENTAL,. 


Copper Sulphate and Cupric Nitrate —Known amount of phenylthio- 
carbamide was dissolved in water or the desired medium at the- required 
temperature and dilution. A solution of copper sulphate (20%). was at once 
added-and the mixture vigorously stirred. In the experiments conducted 
with solutions heated to boiling point the flame was removed after ‘the 
addition of copper sulphate solution. ey SENS Oe 
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The mixture was allowed to cool to the room temperature and filtered. 
‘The complex was collected, washed, and dried at 100°-110°. The filtrate 
was treated with an excess of 10% ammonium hydrate solution, when on 
standing Hector’s base granulated out. It was filtered, dried on a water- 
bath, and weighed ona tared filter. ‘The copper and SO”, were estimated 
in the filtrate as usual. 

Copper in ‘the compiex was determined in oven-dried samples at 100°-110°, 
known weights of which were ignited and subsequently dissolved in 
concentrated nitric acid. : 

Copper nitrate gave similar results. 

The results are given in Table L 

€upric Chloride——Chloride ions were estimated in the liquor by 
Volhard’s method and copper determined as usual. 

Ferric Chloride.—Phenylthiocarbamide (1°52 g.) was dissolved in 
boiling water (100 c.c.) and to the solution was added an equivalent of 
boiling ferric chloride solution. The yellow colour of the ferric chloride 

“at once disappeared. After some time sulphur was deposited in the form 
of fine white powder. ‘The solution was filtered and treated with an excess 
of potassium ferricyanide solution when an intense blue bulky precipitate 
of Prussian blue was obtained. It was filtered and from the clear yellow 
filtrate Hector’s base was precipitated with ammonium hydrate, and identified 
through its m.p. and acy! derivative. 

Iodine.— Aqueous iodine solution was gradually run into an acidified 
hot solution of phenylthiocarbamide. It became decolourised as soon as 
added and a pale yellow colouration developed when an excess was run in. 
‘The solution was filtered and from the filtrate Hector’s base was precipitated 
as usual with aqueous auimonia. ‘The reaction can probably be represented 
by the following equation : 


2Ph'NH ‘CS'NH, + 21,—>C,4.HiN.S + 4HI1 + S. 


CHEMICAL LABORATORIES, 
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USE OF VANADOUS SULPHATE AS A REDUCING AGENT. 
PART IV. ESTIMATION OF TITANIUM 


By PARES CHANDRA BANERJEE. 


Titanium has been estimated potentiometrically by measuring the changes in 
E.M.F (against N.C. H) by titrating with a standard vanadous sulphate solution 
The resnits are satisfactory and the accuracy of the method lies within 2 and 3%- In 
the presence of iron, three potential breaks are found in the titration curve: the first 
jump occurs in the reduction of Fe*** to Fet*, the second due to the reaction-V+t*t + 
Vita gvtt+t and the third owing to reaction of Tit+** to Tit**, 


a 


The reaction between vanadous and titanium™ salts does not appear 
to have been studied by any previous worker. It has been known fora 
long time that higher salts of vanadium, viz., vanadic acid and vanadyl 
compounds are reduced by titanous salts. 


VOC + 6H* + Tit** = VO** + Ti**** +3H.0 
VOt* + 2Ht+ Tit**=Vitt+ Tit7t* +H,O 


A method based on these reactions has been described by Kolthoff Furman 
for the potentiometric estimation of vanadium by titanous salts. 


From theoretical consideration as well as from a study of the oxidation 
potentials of vanadium and titanium salts, it was anticipated that 
titanium '’ salts would be reduced by vanadous salts—a fact which has 
been verified by actual experiment. ‘The oxidation potentials of the chain 
V=to V™, V™ to VY and V™ to V" are—o'2,+0'4 and+1'2 volts respec- 
tively while that of titanous salts (Ti™ to Ti’) is only o’04 volt. Hence, 
titanium salts must be reduced by bivalent vanadium salt and since the 
oxidation potential of V™ to V" (+04) is greater than that of Ti™ to Ti”, 
V" will not be oxidised beyond V™ ion. So, the reaciion between the two 
salts takes place according to the equation, : 


mpytttt ett ptt yttt, 


The velocity of the reaction is rather slow at the ordinary temperature and 
it takes a long time for its completion. The velocity may, however, be 
increased by a rise in temperature when the reaction goes to completion in 
a relatively short time. If an excess of vanadous salt be added, the 


oe 


r 
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reaction becomes complete even at the ordinary temperature within a rea- 

sonable period of time. Attempts were therefore made to utilise the above 

reaction for the volumetric estimation of titanium but without any success. 

This was due to the fact that chemical behaviour of either vanadous or 

titanous salt towards an indicator showed uo difference. No suitable indica- 
tor was available which could be used to indicate the end-point. When 

, the Ti sait was reduced with an excess of vanadous salt, the excess could 

not be estimated by any substance which would preferentially oxidise the . 
V compound without any action upon the titanium salt. So ultimately 

this method of tackling the problem was abandoned. 


Attempts were therefore made to perform the titration potentiometrical- 
ly by measuring the changes in 4. M.¥F. ‘The results were satisfactory in 
sulphuric acid solution. If the work is carried out at room temperature, 
along time elapses after each addition of reagent before the potential 
becomes constant. If the titration is made at 70-80° better results are 
obtained without difficulty. In the region of the end-point the’ last traces 
of titanium are reduced slowly so that one must wait a relatively longer 
time for the potential to become steady. Near the end-point, the titration 
must be done with slow addition of reagent otherwise an irregular and 
transient increase in E. mM. F. may Jead to erroneous results. The acuracy 
of the method was found to lie within 2-3%. 


When the titanium solution contains iron, three potential breaks are 
found in the titration curve, the first jump occurs in the reduction of 
Fe™ to F™; the second due to the reaction, VY’ +V"=V™, and the 
third owing to the reduction o: Ti’ to Ti. It should be noted that 
during the process of titration of a mixture of iron and titanium, numerically 
the #. M. F. goes on decreasing, becomes equal to zero and then on 
interchanging the connections with the potentiometer, it begins to increase. 
This is due to fact that at the start, Fe™;Fe™ solution, which is positive, 
relative to the normal calomel electrode, is connected with the positive 
terminal (+E) of the potentiometer and the x. m. F. of the combination 
is therefore positive. Afer the reduction of iron and complete conversion 
of V™ to V™, the solution at once becomes negative to the calomel 
electrode which is now connected with the positive and the solution with 
the negative end of the potentiometer_so that the 4.m. F. of the combina- 
tion becomes negative. So we may say that during the titration of a - 
mixture of iron and titanium, the x. m. F. (against normal calomel electrode) 
‘continually goes.on decreasing. 

> From the equation given above, it is evident that the equivalent weight 
of vanadous sulphate in the titration of titanium salts is equal to its mole- 
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cular weight. The strength of the reagent is therefore half the value 
obtained by standardising against ferric alum or dichromate, provided the 
salt is purely vanadous and absolutely free from vanadic salt. If the reagent 
contains some vanadic (V'™) salt the amount of V™ in the solution can 
be found out in the following way. 


Suppose, P c.c. of the mixture containing xc.c. of vanadous (V") 
and y c.c. of vanadic (V™) solution is equivalent to a c.c. of o'1N ferric 
alum and b c.c. of o'rN potassium permanganate solution. Then, 


axty=a 
3x tay=b 
whence, x=2a—b. and y=2b—3a. ‘These values of a and b are found out 


by titrating with ferric alum and permanganate respectively. Both V" and 
V™ are oxidised to V™ by ferric salts and to V’ by permanganate. 


EXPERIMENTAL, 


Pure potassium titanium fluoride (R,TiF.) (6’005 g.), twice recrys- 
tallised from hot water were dissolved in water and the solution made up 
to 1 litre. An aliquot part of this solution 
was taken into the titration vessel (Fig. 1) which 
consists of a 250 c.c. flask closed with a six 
holed rubber stopper. The end of B passes 
through the middle hole; platinum electrode 
passes through another, through a third passes 
the siphon tube filled with normal potassium 
chloride and agar agar. ‘Two other openings 
serve for the entrance and exit of carbon dioxide 
which ig passed through the solution during 
titration. The thermometer T fills the remain- 
ing hole in the stopper. A fewc.c. of concen- 
trated sulphuric acid were added to the titanium 
solution which was then diluted with water to 
make it about 4N with respect to sulphuric acid. 
The solution was heated to about 80° and 
this temperature was maintained during titra- 





A—Bridge connecting the 
N ~calome!l electrode. : i 
B—Burette. C-—Inlet for tion by heating the flask with a micro burner. 


COs. D—Exit for COg. ‘The end-point was determined from the titration 
¥ —Indicator electrode. curve (Fig. 2,) and the results of titration are 
T—Thermgmeter, : given in Table I. 
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‘Tasie I. 
1 Cc. V**-soln. = 1°366 mg. of Ti. Temperature=75-80°. 


* p V-soln. Titanium 

Ti-soln. taken. H,SQ, added. Total vol. reqd. “found. calc. 

25°0 C.c. ro ¢.c. 100 ¢.Cc. ar4c.c. 29°22 mg 30°06 mg 

25°0 To Io0o a1'6 29°5 

25"0 5 50 22°3 30°46 

25°0 5 5° 29'8 29°98 ” 

I0’0 5 50 8°70 11°88 12°024 

20°0 Io I00 17°25 23°56 24°048 
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VSO, soln, in. ¢. c. 


Analysis of a Mixture of Iron and Titanium.—as C.c. of the standard 
titanium and 10 c.c. of iron alum solution of known strength were introduced 
into the titration vessel; 5 c.c- of concentrated sulphuric acid were added 
and the mixture diluted with water to about 50 c.c. The solution was 
heated to about 80° and titrated at this temperature with the vanadous 

§—1427P—1 if Sete 
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~ gulphate solution. Fig. 3 shows the titration curve of a mixture containing 


iron and titanium. Results of analysis are shown in Table II. 


Fie. 3. 
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VSO, soln. in c.c. 
’ ‘Tasrs IL. 
1 C.c. of Vt*-soln. =1°366 mg. of Ti and 3°2 mg. of Fe. 
V-soln, reqd. by z Tron Titanium 
Fe. Ti. found. calc. found. calc. 
16°O C.Ce azl's5 ¢.c. 5r amg. 52°08mg. 29°36mg. 30°06 mg. 
16°2 ar7 51°84 52°08 29°64 30°06 
Canaccar, LABORATORY, Dacca UNIvarsrry. Received November 21, 1941. 
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USE OF VANADOUS SULPHATE AS A REDUCING AGENT. 
PART V. ACTION OF VANADOUS SULPHATE UPON 
ORGANIC COMPOUNDS. 

“By Pagrus CHANDRA BANERJEE. 

Some organic nitro compounds, snch as, nitrobenzene, dinitrobenzene, p-nitroaniline, 
and picric acid and two organic dyes: indigo and methylene blue have been estimated 
by reducing the nitro group in the former cases with vanadous sniphate. A known 
weight of the nitro compound was treated with an excess of vanadous sulphate and after 
boiling for some time under a reflux in a current of carbon dioxide, the mixture was cooled 
and the excess of V*+ solution was titrated with iron alum using sulphocyanideas 
indicator. c 

The powerful reducing action of vanadous salts is not confined to 
inorganic substances alone, A large number of organic substances belong- 
ing to both aliphatic and aromatic series are quantitatively reduced by 
bivalent vanadium salts. In these reactions, the reduction is more powerful 
and becomes complete much sooner at low acidities than at larger hydrogen 
ion concentration. Soin many cases, in order to lower the acid concen- 
tration, Rochelle salt or sodium tartrate is added to the solution. Following 
pages contain an account of the estimation of some of these compounds. 


Estimation of Nitro Compounds. 


Reduction with Tttanous Chloride ——-The method described in this 
paper consists in the reduction of the nitro group with an excess of vanadous 
sulphate, followed by the determination of the excess with iron alum or 
any other suitable reagent. ‘The reaction taking place may be represented 
by the equation, oo 
R+NO,+3VSO,+H,0=R+NH,+3VOSQ,. 


In the reduction of the nitro group by Knecht-Hibbert method with 
titanous chloride it has been pointed out by Callan and Henderson (J. Soc. 
Chem. Ind., 1920, 89, 867) that although in many cases it gives excellent 
results, yet for certain substances e.g., o-nitroanisole, a-mononitronaph- - 
thalene, etc. the method gives low results. This is attributed to the 
titanous chloride solution acting not only as a reducing agent but also as 
‘a chlorinating agent, simultaneously liberating hydrogen by substitution 
which, in addition, acts as a reducing agent. If, however, titanous sulphate 
is used, in place of titanous chloride, with these substances under similar 
conditions, correct results are obtained. 
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Reduction with Stannous Chloride.—One serious defect of this method 
is that chlorinated amino compounds are formed as readily during 1:eduction. 
with this substance as with titanous chloride, and consequently low results 
are obtained. Nitro compounds which are not chlorinated’ may be estimated 
by stannous chloride method as modified by Young and Swain (J. Aimer. 
Chem, Soc., 1897, 19, 8x2) with a fair degree of accuracy. 

Reduction with Vanadous Sulphate.—With vanadous sulphate which 
has for the first time been employed for the estimation of nitro group in 
organic compounds, no question of chlorination comesin. ‘The reduction 
takes place in the presence of sulphuric acid~and the results are obtained 
which are as accurate as with titanous sulphate. The method has been 
successfully used for the estimation of a number of nitro compounds, e.g., 
nitrobenzene, nitroaniline, etc. A known weight of the nitro compound 
is treated with a large excess of V™ salt and after boiling for some minutes 
under a reflux in a current of carbon dioxide, the mixture is cooled and 
the excess of V™ salt is titrated with iron alum, using sulphocyanide as 
indicator. When a nitro compound which is easily volatile or volatile 
with steam, heating must be done under reflux, otherwise low results 
due to the loss of the nitro compound by volatilisation may be obtained 
(Callan and Henderson, J. Soc. Chem. Ind., 1922, 44, 1581.). In dealing 
with such substances, the reduction is casried out in a flask fitted with a 
short ground-in water condenser, a stream of carbon dioxide being supplied 
by a narrow glass tube passing down through the inner tube of the conden- 
ser to within a few centimetres of the surface of the liquid. Nitro 
compounds which are insoluble in water or in acids (e.g. nitrobenzene) 
is to be sulphonated -with sulphuric acid, while nitro compounds which, 
like dinitrobenzene, are neither soluble in water nor easy to sulphonate 
may be dissolved in alcohol and added slowly to the hot solution of vanadous 
sulphate contained in a flask through which a current of carhon dioxide is 
maintained. For accurate estimations, care must be taken to use a large 
excess of vanadous sulphate, to boil the solution with the reducing agent 
and to maintain a current of carbon dioxide during the entire estimation. 
Reduction becomes complete only when these precautions are carefully 
observed. i 5 


ExPHRRIMENTAL 


Estimation of Ntitrobenzene.—o'5023 G. of chemically pure redistilled 
(b.p.208°) nitrobenzene was sulphonated by heating with 20 c.c. of 
fuming sulphuric acid on a water-bath for two hours and the solution was 
made up to 250 c.c. A measured ‘volume of this solution was run to an 


USE OF VANADOUS SULPHATE AS A REDUCING AGENT 37 


excess of vanadous sulphate and after boiling for some minutes in a current 
of carbon dioxide, the contents were cooled and the excess of vanadous 
sulphate titrated back with iron alum. In another series of experiments, 
instead of sulphonating, 0°3906 g. of nitrotenzene was dissolved in alcohol 
and the solution made up to 250 c.c. The reduction was effected by 
boiling an aliquot part under reflux with excess of vanadous sulphate. 


aie TABLE I. 
Vttsoln.=o'2N. Fet***soin. =o0'rN. 


C.H NO 


1 C.c. of o'tN-V**soln= ax 108 4 =0'00205 g. CeH; NO . 


Nitrobenzene taken. V-soln. added. Fe-scln. reqd. Nitrobenzene found. Remarks. 


10 ¢,c.* (070200928) 10 ¢.c. 10°25 c.c. ; 99°44% 
ee gt . : After snlpho- 

cro" ~ ee "432 14:2 1000 nation, - 

10 ” 15 20°25 99°4 

25 (o"05023) . , 20 S60 99°59 

a5 » 20 15°55 99°78 

10 (0'015624) 10 124 99°72 

“ro 3 10 12°4 99°72 

20 (0-031248) 20 24:8 _ 99°70 Nitrobenzene 
dissolved in 

25 (003906) 20 20°95 99°99 alcohol, 

25 i 20 aro 99°72 


. * 10.¢.c. contained 0’020092 g. 


Estimation of Dinitrobenzene.—o'3374 G. of m-dinitrobenzene which 
was’ purified by recrystallisation from alcohol, was dissolved in alcohol 
and the solution made up to 250 c.c. A known volume of vanadous 
sulphate solution was measured into a conical flask, sulphuric acid was 
added, carbon dioxide passed over and a known volume of dinitrobenzene 
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solution run in. ‘The mixture was boiled, allowed to cool and then titrated 
back with iron alum. 


Tasty II. 
V** soln.=o0'2N. Fet** soln.=o'rN. 


1 C.c. of o'1N V* soln, = CeBe(NOa)s — o-o014 gz. CoH, (NOg)s. 
I2X Io 
Dinitrobenzene taken. = V-soln. added. , Fe-soln. reqd. = Dinitrobenzene found. 
ro ¢.c.* 12:5 C.C. 154 ¢.c. 99:60% 
10 150 20°45 99°04 
10 15-0 20°4 99:60 


* x0 c.c. contained 0°013496 g. 


Estimation of p-Nitroaniline—The ‘substance was purified by 
crystallisation several times from alcohol and drying at 100°. 0°5405 G. 
of the pure product (m.p. 147°) were dissolved in sulphuric acid and made 
up to 250 c.c. with water. A measured volume of this solution was 
reduced with an excess of vanadous sulphate in the usual way and the 
excess titrated with iron alum. 


Taare Il. 


Vt* soln. =0'202N. Fe*t* soln.=o'1N: 


x C.c. of o'rN V** soln, =-SeHsNEsNOs — 070023 g. CoH.NOSNE 
Nitroaniline taken. V-soln. added. Fe-soln. reqd p-Nitroaniline found 
ro c.c.# lo c.c. 10-8 c.c. 100'°0% 
10 1O+I Ir‘o 1000 
as 20:0 16-75 99°77 
25 20°0 16°7 99°97 


* ro c.c. contained o'02162 g.- 


Estimation of Picric Acid—Picric acid (0’2928 g.) recrystallised 
several times from alcohol and having a melting point of 122°5° was 
dissolved in water and the solution made up to 250 c.c. A measured volume 
of vanadous sulphate was added to a known volume of this solution acidi- 
fied with sulphuric acid, boiled for 10 to 15 minutes in a current of carbon 
dioxide and after cooling the excess of vanadous sulphate, titrated with 
iron alum. 
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Vanrx IV. 
V** soln.=1'48 N/1o. Fett* soln. =o'IN. 


z C.c. of o' rN’ V**soin, = Csh2OH(NOs)s — y-oor272 g. picric acid. 


18 x 10* 
Picric acid taken. V-soin. added. Fe-soln, reqd. = Picric acid found, 
ro c.c.* 20'o C.c. 204 C.c. 99-93% 
15 12-6 95 99°4 
15 20°0 15°85 99°6 
25 : 25:0 I4-05° 99°7 
25 30°0 ars 99°5 


* ro c.c. contained v’orr712 g. 


Estimation of Indigo—Indigo has been estimated by titrating the 
sulphonated dyestuff, C,.H,N,0.(SO,H),, with vanadous sulphate in the 
presence sodium tartrate in an atmosphere of carbon dioxide. 

Finely ground pure indigo, 1624 g., (Kahlbaum, pro analysi) was 
mixed with ro c.c. of concentrated sulphuric acid and heated in a water- 
bath at about 100° for an hour. ‘The contents of the vessel were then 
cooled and dissolved in water and made up to 250 c.c. A known volume 
of this solution and about 50 c.c. (20%) of sodium tartrate solution were 
introduced into a conical flask fitted with a rubber stopper having three 
holes. ‘Through one of these holes a current of carbon dioxide was intro- 
duced, another was fitted with a tube for the escape of the gas and a third 
was for adding the vanadous sulphate solution from the burette. This 
precaution was necessary to prevent the oxidation of indigo white by air. 


TaBie V. 
V** soln. =0'5882 N/ro. 


1 C.c. of o° IN Vitsoln. = CaeHoN 302 = -9737 g. of indigo. 


2X10 
Indigo taken. V-soln. reqd. ; Indigo found. 
Io c.c.* * 8'4 c.c. 99°65% 
ro 8°35 . 99-06 
20 16°70 ‘ 99-06 
a5 20°90 99°15 
a5 20°90 . 99°I5 


* 39 ¢.¢. contained 0706496 g. 
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The solution was boiled and the hot solution titrated with V**-solution 
until the blue colour of indigo disappeared. 


Estumation of Methylene Blue.—Pure recrystallised methylene blue 
(2'3226 g.) free from zinc chloride was dissolved in “water and the 
solution made up to 500 c.c. 50 C.c. of this solution was measured into 
a conical flask, a small quantity of hydrochloric acid was added, carbon 
dioxide was passed into the flask in the manner described for indigo, and 
the contents were heated to boiling. The hot solution was then titrated 
until the blue colour just disappeared. 


. Tasie VI. 
V**-soln.=1°46 N/r1o. 


1 C.c. of oo IN V** solution = CuetisNsPCt wee = 0°015975 g. methylene blue. 
Methylene blue taken. V-soin. reqd. Methylene blue fonnd. 
50 c.c * 9°90 ¢.c. 99°4% 
50 9°95 99°91 
50 9.90 99°4 
50 9°85 98-9r 
5° 9°90 99°4 


* so c.c. contained 0-23226 g. 


CHEMICAL LABORATORY, 
Dacca UNIVERSITY, ; Received November 11, 1941. 
Dacca. 7 


SYNTHESIS OF SOME FOUR-MEMBERED HETEROCYCLIC 
COMPOUNDS.* 
By ‘Txygnpra Nato GHOSE AND DEBABRATA Das-Gupra. 

‘By reacting dicarbethoxythioacetocarbamic acid with an aromatic amine ‘a four- 
membered heterocyclic compound, with alternate carbon and nitrogen atoms, has been 
obtained. The constitution of this heterocyclic compound has been established by 
preparing some derivatives and studying their properties This compound has been 
found to undergo an jsomeric change~due to the migration of a hydrogen atom from 
nitrogen to carbon.. 


It has been observed (Ghosh, J. Indian Chem. Soc., 1936, 18, 86; 
1938, 18, 89) that thioacetocarbamic acid derivatives are characterised by 
their pronounced reactivity towards hydrazines .and diamines and as such 
are of considerable value for synthetic purposes. The general mechanism 
of these reactions is that sulphuretted hydrogen is first eliminated and 
then ring-closure is effected by the elimination of either alcohal or water. 
Dicarbethoxythioacetocarbamic acid has now been similarly found to 
“ react readily with an aromatic amine to yield a four-inembered heterocyclic 
compound (I, R=R,=CO,;Et) with alternate. carbon .and nitrogen atoms. 
The structnre (I, R=R,= CO3Et) is supported by the fact that the compound 
’ is readily soluble in alkali, yields an acetyl derivative. and decolourises 
-bronijnue yielding. a colourless tetrabromo derivative which is tentatively 

assigned the structure (II) (cf. Farooy and Hunter, J..Jndian Chem. Soc. i 
1932; 9, 546). The compound (I, R=R,=CO,Et) is easily decomposed 
by acid or alkali, the‘aromatic amine being one of the degradation products. 
. With hydrazine hydrate it yieids the monohydrazide (I, R=CO,Et; 
R,=CONHNH,). The presence of the hydrazino group has been estab- : 
lished by the formation of benzylidene and phenylthiosemicarbazide 
derivatives with benzaldebyde and phenyl isothiocyanate respectively, 
When treated with sodium ethoxide, the compound (Il, R=R,=CO,Et) 
yields (III). That the conipound (III) does not contain any carbethoxy group 
has been established. The compound (1) may be ee as a ee 
pyrimidine detvelves Pcs < . ‘ aoe toe 


vrs : : 6 27 


oe “Note published in Sctence ina Culture, 1940, B, 494. 
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X°NH; 
CO,H—-NH~-C=C(CO,Et), —> CO,H—NH—C=C(CO,Et),—> 
Sh X'HN - 
CO” NH CO—NBr 
ok |__| 
NX___C= ok N- CBr-CBr(CO,Et), 
| 
Ri ; C,H,Br 
(Q) (II) [when X-in ()=Ph] 
CcO——-N——CO CO——N 
i | | 2 
NX——C ==CH NX—C—CHC 
Ry 
(IIT) (IV) 


When heated at 165°-170°, the compourd (1, R=R,=CO,Et) isomerises 
to (IV, R=R,=CO,Et) due to the migration of a mobile hydrogen atom. 
Whereas the compound (I, R=R,=CO,Et ) gives a deep red colouration 
with ferric chloride (cf. Frerichs and Hartwig, J p1. Chem , 1905, it, 72, 
489) and readily decolourises bromine and potassium permanganate solution, 
(IV, R=R,=CO,Et) does not give any distinctive colouration with ferric 
chloride and does not decolourise bromine or potassium pe:manganate 
soution. The compound (IV, R=R,=CO,Et) yields a dianilide, and is 
hydrolysed to the acid (IV, R=H ; R,=COOH) with alkali, which shows 
that the compound is more stable than (I, R=R,=CO,Et). So far as the 
compounds (I and IV, R=R,=CO,Et) are concerned, it appears that a 
relationship exists between the internal stiain in the ring due to the presence 
of a double bond just outside the ring and the tendency of the double bond to 
become saturated by the migration of the mobile hydrogen atom, thus 
making the ring more stable (cf. Kon and Speight, J. Chem. Soc., 1926, 
2727). : : ; 

The above isomeric change resembles the pentad-enol system, 


c=C-—C aR as Cc[H]—cC= oe 
R R 


which has been studied extensively by Kon, Linstead and their 
collaborators. Reference is also made in this connection to imino- 
enamine system, C(H)—-C=N===C=C—N(H), studied by Ponzio and 
Torres (Gazzetta, 1929, 69, 461). 
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It is recognised that the closure of a four-membered heterocyclic ring 
from an open-chain molecule is, in general, one of the most difficult 
operations in ripg-formation. Ingold and Piggott (J. Chem. Soc., 1922, 121, 
2794) obtained x : 3-dimethindiazine rings. Senier and Shepheard (J. Chem. 
Soc., 1909, 98, 594) obtained methylene diphenylearbamide, which is hydro- 
lysed by boiling water. For other four-membered heterocyclic compounds 
with alternate carson and nitrogen atoms, reference is made to the work 
of Lippmann and Regensdorfer (Ber., 1897, 80, 2056). 


The active tautomerism of the system, >C(H)—C=S@=—=>C=C— 
S(H), is well Known and has been observed in thioketones (Mitra, 
J. Indian Chem, Soc., 1931, 8,472). A compound, containing the group- 


. R 
ings (NH—CS) and _>cH-cs (where R and R’ are stiongly negative 
R 


groups), should exhibit the characteristic feature of a tautomeric body 
because of the presence of two mobile hydrogen atoms. ‘The tautomeric 
nature of dicarbethoxythioacetocarbamic acid has been adequately borne 
out by the various reactions studied. From a study of its condensation 
products with phenylhydrazine, o-phenylenediamine (Ghosh, loc. cit.), 
and with an aromatic amine, as described in this paper, evidence is 
brought forward to show that dicarbethoxythioacetocarbamic acid shows 
a remarkable tendency for tautomerism in a system. 


N=C—CHe==NH-—C—CH= == NH—-C=C 
ql 


bean Ss S[H] 
(X) (Y) (Z) 


the form (Y) being considered the central phase from which (X) and (Z) 
originate depending upon which of the two mobile hydrogen atoms 
tautomerises. In the above equilibrium, one particular form predominates 
depending upon the nature of the reactant 


ExPERERIMENTAL 


N-Phenyl-N:N}-dicarbethoxyvinyleneurea (I, X=Ph; R=R,=CO,Et).— 
Aniline (7'4-g.) was added to an alcoholic solution of dicarbethoxythioaceto- 
carbamic acid (21 g., prepared according to the method of Ghosh and 
Guha, J. Indian Inst. Sci., 1933, 16A, 103), when the reaction immediately 
commenced with evolution of sulphuretted hydrogen and rise in tempera- 
ture. ‘The reaction mixture was heated under reflux for about 2 hours, 
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cooled and diluted with water, when a heavy oil was obtained, .which ‘soon 
solidified. The solid was first washed with very dilute hydrochloric acid, 
then aqueous sodium bicarbonate solution and finally with water. It 
was. crystallised from dilute alcohol in colourless shining prisms, m.p., 
74-75°. (Found: C, 56°28; H, 5°31; N, 8°65. CisH,sOsN2, HO requires 
C, 55°90 ; H, 4°96; N, 8°69 per cent). It does not dissolve in bicarbonate 
solution even on long standing but is ee soluble in alkali. It readily 
decolourises bromine water. - 

; Bromo Derivative {II).—Bromine was slowly added to a ee acetic 
acid solution of the above compound. Each drop of bromine became 
instantly decolourised and a crystalline solid slowly came out which crystal- 
ised from absolute alcohol in colourless shining needles, m.p., 120-21°. 
(Found: N, 4°49; Br, 51°03. CisHisOsNaBr, requires N, 4°50; Br, 51°44 
percent). It is insoluble in cold dilute alkali and remains unchanged 
when triturated with cold dilute alkali for a long time, which shows that 
the compound is not a hydrobromide. 

N-p-Tolyl-N : N?-dicasbethoxyvinyleneurea (I, X=prtolyl; R= CO,Et ; 
R,=CONH—NH,).—T'he method of preparation was the same as in the 
case of the previous compound. The reaction product crystallised from dilute 
alcohol in colourless shining prisms, m.p. 61-62°. (Found: N, 8728. 
CisHisO5Nq, H,O requires N, 8°33 per cent). It is insoluble in sodium 
bicarbonate solution but readily soluble in alkali. 

N-Phenyl-N: N?-(carbethoxy-carbohydrazidovinylene)-urea (1, X=Ph; 
R=R,=CO,;Et) —An aicoholic solution of the above compound and 
excess of hydrazine hydrate was heated on the water-bath for about 30 
minutes and kept overnight at room temperature. On dilution with water, 
a semi-solid mass was obtained which was next treated with dilute alkali. 
A very small quantity of an alkali-insoluble compound was obtained, 
: which crystallised from alcohol in colourless slender needles,m.p., 231-32°, 

_ The alkaline solution, on acidification, gave a solid which crystallised 
from alcohol in colourless needles. It melts at 171° with instantaneous 
formation of a solid (cojourless prismatic needles), melting at 252+53° 
(decomp.). (Found : N, 19’19. C;3Hi,O.N, requires N, 19°31 pei cent ). 

The above compound reacts readily with phenyl isothiocyanate when 
heated in alcohotic solution to yield the phenylthiosemicarbazide derivative 
“which ‘crystallised from large quantity of alcohol in coléurless rectangular 
_ Plates, tin.p., 188-89° (decomp.). It is soluble in cold alkali and is easily 
. desulphurised by yellow oxide of mercury. (Found : N, 16'28. CyoHy,0,N,S 
_ requires N, 16°47 per cent). , ; owe 
“  *  Benzylidene Derivative—An acetic acid solution of ‘equimoleculat ‘pro- 
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portions of the above compound (I, X=Ph; R=CO,Et ; Rs=CO NH‘NH,) 
and benzaldehyde was heated under reflux for about 15 minutes when a 
crystalline solid :(colourless plates) carne out. As it was found to be practi- 
cally insoluble in alcohol, acetic. acid and other solvents, it was washed 
several times with acetic acid and alcohol and was found to melt at 209°-10° 
(decémp.). (Found : N, 14°35. CacH,,O.N, requires N, 14°81 per cent). 

- 5-Phenyl-1: 5-diazo-(o, 2,2) bicyclo-2.*-hexene-2: 6-dione* (III, 
R=Ph).—Soditim (r'1 g.) was dissolved in rooc.c. of absolute alcohol. 
After the evolution of hydrogen had ceased, 15 g. of the compound (I, 
X=Ph ; R=R,=CO,Et) were added to the solution and the clear solution 
was heated under reflux in an oil-bath for about 3 hours, when a solid 
was precipitated.. The solution was allowed to cool and further quantity 
of the reaction product was obtained by dilution with water. It crystallised 
from alcohol (Norit), in which it is sparingly soluble, in colourless 
shining rectangular plates, m.p., 245-46°, yield 5 g. (Found .N, 15°17. 
CyH.O,N, requires N, 15°05 per cent). It is readily soluble in glacial 
acetic acid and the solution decolourises potassium permanganate solution. 
It does not give any anilide or any hydrazide and is unaffected by 10-15% 
alcoholic potash; indicating thereby that the compound does not contain 
any carbethoxy group. It is insoluble in cold dilute hydrochloric acid 
and also in cold dilute alkali. 

It yields an unstable yellow bromo derivative, which, on treatment 
with water, yields an almost colourless solid. The latter compound, which 
contains bromine, shrinks at 130°, slowly turns dark and resinifies above 
200°, and could not be obtained in a pure state. 

> N-Phenyl-N:N'-dicarbethoxy-ethenylurea (IV, XK=Ph; R=R,= 
CO,Et)—The above compound (I, X=Ph; R=R,=CO,Et, ro g) was 
heated in an oil-bath at 165°-170° for about 3 hours. ‘The pasty yellowish 
mass was cooled and triturated with alcohol, when a solid was obtained, 
which crystallised from alcohol in colourless shining rectangular plates, 
m.p. 168-70°, yield 5 g. (Found: C, 58°88; H, 574; N, gx. 
CisH,.0,N2 requires C, 59°21 ; H, 5°26; N, 9'2x per cent). It is soluble 
in cold dilute alkali, and in cold concentrated hydrochloric acid from 
which the substance is precipitated unchanged as colourless slender needles 
on dilution with water. It is insoluble in ether. 

The above transformation can also be effected by heating the compound 
(I, X=Ph ; R=R,=CO,Et) at 125°-130° in vacuo for about 6-7 hours, 


* Nonienclature of this componnd and of other compounds described in this 
aper has heen adopted according to the system followed in “ The ee Index "' by 
atterson and Capel, a 
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when the water of crystallisation is removed. A solid with a yellow tinge 
is slowly formed, which, cn crystallisation, has been found identical with 
the above compound (1V, X=Ph ; R=R,=CO Et) (mixed m.p.). 

Dianilide.—When a mixture of aniline (2°5 g.) and the above compound 
(IV, X=Ph; R=R,=CO,Et, 4 g.) was heated in an oil-bath at 160°-165°, 
there was profuse evolution of alcohol and in about 15 minutes a crystalline 
solid came out. After washing with alcohol, the solid was-crystallised 
from glacial acetic acid in colourless, shining, rectangular plates, m.p. 
236°-38°, yield 3 g. (Found: N, 14°26. CysH,,0sN, requires N, 14°07 
per cent), It is spariugly soluble in alcohol and insoluble in cold dilute 
alkali. 

N-Phenyl-N : N’-carboxyethenylurea (IV, X=Ph; R=H; R,= 
CO,H).—A_ solution of the above compound (IV, X=Ph ; R=R,=CO,Et, 
6 g.) in 10% alcoholic potash was heated under reflux on the water-bath 
for about 8 hours. Alcohol was distilled under reduced pressure and 
the solid was dissolved in water, filtered from any suspended impurities 
and just acidified with acetic acid. The precipitated solid was purified - 
by dissolving in aqueous sodium bicarbonate and acidification with acetic 
acid. It was crystallised from alcohol in almost colourless rectangular 
plates. It turns brown on heating and does not melt even at 300°, yield 
o'8g. (Found: N, 13°29. CioH,O3Ns requires N, 13 72 per cent). 

‘The authors’ thanks are due to Professor P. C. Guha for his kind 
interest in this investigation. 


DEPARTMENT OF PURE AND APPLIED CHEMISTRY, 
INDIAN Inst1tuTE OF SCIENCE, Received October 31, 1941. 
BANGALORE. 


CONDENSATION OF o-, m-, AND p- NITROBENZALDE- 
* HYDES. WITH MALONIC ACID IN THE PRESENCE 
OF ORGANIC BASES. 


By Du, Banar SINGH MITTAL. 


Aldehydes have been condensed with malonic acid using a mixture 
of pyridine (z mol.) and piperidine (traces) by Haworth, Perkin and 
- Rankin (J. Chem. Soc., 1924, 128, 1693) and by Dutt (J. Indian Chem. 
Soc., 1925, 1, 297) and a few other bases each in molecular proportions 
(Dalal and Dutt, ibid., 1932. 9, 309). The pyridine-piperidine method, 
originally given by Haworth, Perkin and Rankin (loc. cit.) and modified 
by Robinson and Shinoda (J. Chem. Soc., 1924, 1693) has been applied 
by Chakravarti, Haworth and Perkin, who using m- methoxybenzaldehyde 
and malonic acid (x : 3 mols.) in pyridine (3 5 mols.) and a trace of pipem- 
dine (5 c.c. in 250 c.c. of pyridine with 100 g. of aldehyde and 160 g. of 
malonic acid) report “an almost quantitative yield’’ on heating. 

Work in these laboratories has shown that such excessive proportions 
of the base and of malonic acid are not essential and that these condensations 
are, as well, even much better carried out, when for one molecule of the 
aldehyde, only one of the acid and 0'15-0'25 mol. of pyridine or a similar 
base are used (Kurien and Pandya, J. Indian Chem Soc., 1934, 14, 824; 
Ali, Kurien and Pandya, Proc. Indian Acad. Sci., 1935. 14, 440; Pandya 
and Vahidy, ibid., 1935, 2A, 402; 1936, 4A, 134, 140, 144; 1937, 5A, 
437; 181). . 

It has been generally found that not only does the condensation take 
place very easily but also that the product is much purer and is obtained 
in greater yields, which are often quantitative. It has also heen observed 
that the action of the base is truly catalytic as even in its absence the 
reaction proceeds, but very slowly and-the yields are much less. 

In this paper the condensations of o-, m-, and p-nitrobenzaldehydes 
have been studied under the same conditions. Dalal and Dutt (loc. cit.) 
obtained o-nitrocinnamic acid by heating a mixture of o-nitrobenzaldehyde 
and malonic acid for 9 hours on a water-bath in the presence of quinoline 
(mol.proportion), but the yield was only 44°4%. 

Dutt (J. Indian Chem. Soc., 1925, 1, 300) condensed m-nitrobenzalde- 
hyde aud malonic acid in the presence of pyridine (r mol.) and traces of 
piperidine in 90% yield. Dalal and Dutt (loc, cit.) obtained the same acid 
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in 82°5% yield by heating for 3/4 hours on a water-bath in the presence of 
quinoline (molecular proportion). 

Dutt (loc. cit.) obtained from -nitrobenzaldehyde and malonic acid 
p-nitrocinnamic acid in 82% yield, using pyridine (x mol.) and traces of 
piperidine. Dalal and Dutt (Icc cit.) obtained the same acid 1n about 
75% yield by heating p-nitrobenzaldehyde and malonic acid for 3 hours on 
a water-bath in the presence of quinoline. © 


EXPERIMENTAL. 


The condensations were carried out exactly following the method of 
Pandya (J. Indian Chem., Soc., 1934, 11, 824, et. seq-). 


Tasie I. 


~ Amonnt of catalyst =o-15 mol. 


Catalyst o-Nitro- m-Nitro- p-Nitro- 
I. Pyridine ioe (90°67%) 1°70 g. (80°08%) = 1°69 g. (87°56%) 
2 Piperidine 1-75 (88°08) == 1-65. (85 49) 1-64 (84-97) 
3 Quinoline "160 (Bago) «= or55 (Borg5) «eg (75"22) 
4 Without base I-00 = (5180) r02 = (52°84) r'00)— (5x85) 


The’ products from o- and m-nitrobenzaldehyde are colourless and the, 
product from p-nitrobenzaldehyde is light yellow in colour in all these cases. 

Thus o-, m-, and -nitrobenzaldehydes undergo. condensation with 
malonié acid very readily on heating on the water-bath and the reaction’ 
is very nearly completed in 4 hours in the presence ofa trace of pyridine, 
piperidine and quinoline but it takes 4 much longer time in the absence 
of any base, when the yield in 4 hours comes up to about 40% only. | 

The author’s thanks are due to Dr. Pandya for the giidanée during 
the course of the work and to the authorities of St. John’s College, Agra for’ 
the facilities offered. ” eS Tie eae eee Se 
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A NOTE ON THE ‘KINETIC’ EQUIVALENCE OF BROMINE 
ATOMS IN PHOSPHORUS PENTABROMIDE. 


By S. D. CHATTERJEE. 


Using radioactive bromine as indicator, it has been found that the five bromine 
atoms in PBrg are functionally equivalent. 


Roginsky and Gopstein (Phys. 2. Sowjielunion, 1935, 7, 672) investi- 
gated the kinetic equivalence of bromine atoms in cupric bromide which 
decomposed when heated to the cuprous compound. ‘They started with 
tadioactive cupric bromide (CuBr,*) and effected its decomposition at 
‘g50°. ‘The cupric salt was reformed at 100° in the presence of inactive 
bromine vapour. A 50% decrease in activity was obtained as a net result 
of such a series of steps. On repeating the cycle, however, five times, about 
50% of the original activity still remamed instead of about three per cent 
as is to be expected. Apparently, the bromine atoms in cupric bromide 
are not equally reactive. . 

The object of the present experiment was to test whether the above 
results are true for the phosphorus pentabromide molecule. It is well 
known that phosphorus pentabromide is formed by mixing theoretical 
proportions of phosphorus tribromide and bromine. On the other hand, 
when phosphorus pentabromide is heated, it melts to a red liquid forming 
a mixture of phosphorus tribromide and bromine at 100°, and the penta- 
bromide is reformed on cooling. According to Baudrimont, if CO, be 
passed into a bulb containing the pentabromide heated to a water-bath, 
bromine passes off and the tribromide remains. : 


ExPERIMENTAL. 


PBr, (7 c.c.) was shaken with about 150 c.c. of slow neutron-irradiated 
ethyl] bromide. The ethyl bromide was removed by distillation and the 
radioactive PBr, remained as a residue. Its activity was measured by 
the quid in a thin double-walled glass vessel and slipping it over a thin- 
walled G-M counter. Measurements were commenced when most of the 
18 min. activity had decayed. : 

PBr, was next transferred to a glass vessel containing two side-tubes 
and cooled in an ice-bath. About 3°5 cc. of Br, were added gradually, 
when crystals of PBr; separated out. The vessel with PBr, crystals was 
then heated on a water-bath at 100°, when PBr, readily decomposed into 


7-—-1427P—1 
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PBr,;and Bra Br, was chased. out by means of dry CO, and’ absorbed 
in a dilute solution of sodium hydroxide. The activity of PBr;* and NaBr* 
were then successively measured. It was found that the activity ‘appearing 
in the compounds was roughly proportional to the weight of bromine 
atoms contained in PBr,; and Br,. ‘The reaction may be represented as 
follows : : 
PBr,* + Br, = PBr,*=PBr,* + Br,* 

where the asterisk denotes the radioactive constituent. 

In a second series of experiments radioactive phosphorus pentabromide 
was prepared by exchanging PBr, with irradiated C,H,Br.- Radioactive 
PBrs was then decomposed into PBr; and Brg, roughly proportional ampunts 
of activity appearing in the compounds. ‘This indicates that all the bromine 
ions in phosphorus pentabromide are functionally equivalent. A similar 
result has “been reported by Grinberg (Bull. Acad. Sci. U. R. S. S. 
Ser. Phys., 1940, 4, 342) who investigated the following reaction : , 


K,[PtBre*]——SK, [PtBr.*] + Br,*. 


Incidentally, it was also found that if the compounds PBr, and PBr; 
are taken, containing equal amounts of bromine and are exchanged with 
equal amounts of neutron-irradiated ethyl bromide, the activity appearing 
in PBr, was much greater than in the case of PBrs.- Measurement of 
activity in both cases was done in inactive ethyl bromide solution- of same 
-volume under practically identical conditions. Considering-the difference 
in two'cases, one may, therefore, suggest that the strength of chemical 
binding of bromine atoms in PBr; is greater than in the case of PBr,. 

The author is indebted to Prof. D. M. Bose, Director, Bose Institute, 
for his kind interest in this work, and to Dr. D.K. Banerjee -for. valuable 
helpY i” - ‘ be 


‘Boss Institute, 
- Carcurta. Received November 18, 1941. 








ON RELATIONSHIPS BE EN VISCOSITY AND 
SURFACE TENSION OF LIQUIDS. 


By R. C. TRIPATHI. 


A number of equations connecting viscosity and surface tension, obtained by con- 
“ bining (a) equations connecting viscosity and density with or without temperature on 
one hand and (b) Macleod’s equation coftnecting surface tension and density on the other, 
has been examined. The simplest and one of the most- successful equation is found 


to have the form, loglog n=my* +c. 


Buehler (J. Phys. Chern., 1938, | 42, 1207) has combined Mott Sauder’s 
equation (J. Amer. Chem. Soc., 1931; 58, 154) loglog 7=md—2.9 with 
Sugden’s well-known parachor equation (J. Chem.:Soc., 1924, 126, as ; 

= Mt 
P= 

oat 

In Mott Sauder’s equation viscosity is to be taken in centipoises, 
m is a constant characteristic of each liquid and further mM which is denoted 
by I is an additive function. Hence the equation obtained by Buehler is 


La 


loglog 1=5Y —2°9. 


” Buehler shows the value of I / P should on the average, be 1°2, ‘There- 


fore his equation assumes the form-loglog 7=1° Bs as. He claims that 
this equation connecting viscosity_and surface tension is better than the 
one advanced by Silvermann and Roseveare (J. Amer. Chem. Soc., 1932, 


BA, 4460) : 471 =m ts c. His claim.does not seem to be justified as Table 
I. wil en ‘Associated liquids are not included in this table . because 
Buehler does not claim that his equation ‘could be applied to them. * 


Tass I. 


Constants of Silvermann Maximum 9% ¢ diff. 
and Roseveare's equation. 


Liquid. Temp. yrange Kxi1o™?. Cx107*, Silvermann Buehler's 
Tange. sy max.- 2 and Rose- equation. 
7 min. veare's eq. 
CCL 20~1I70° 17°15 3°500 —1'400 50 - 33° 
Chiorobenzene 20-160 15°76 4°180 —1'610 3'2 Ilo 
Toluene ... O~IIO 12°15 4°930 —1°966 3°9 4°7 
Acetone ... —7I~56 16°20 5170 , ~2052 3°0 45 
Benzene . | O~100 13°85 4°465 —1'772 74 lays 
Kther... —95—-0 12 78 4°770 —1°942 I°3 18°S 
p-Xylene Io~130 13'00 4°500 —-1773 21 3°1 
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Liquid. 


Butlyric acid 
n-Propyl alcohol 
Rthyl acetate 
Hthylene chloride 
Chloroform 
Chlorobenzene 
- Carbon tetrachloride 
‘Toluene 
Acetone 
Methyl alcohol 
Ether 
Bromobenzene 
Ethylformate 
isoButy] bromide 
Methyl isobutyrate 
o-Nitrotolnene 
Ethyl iodide 
Methyl! ethyl ketone 
m-Tolnidine 
Octane 
m.Xylene 
Nitrobenzene 
Propyl acetate 
Ethyl alcohol 


Acetic acid 
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 Cansfants. ; 

Silvermann Buehler’s , 

and Roseveare’s modified 
s equations; equation. 

# os ~ 
fe fb mad 
d M oO a 
O-130° 3°I4 -—1°316 105 ~2°326 
0-90 3°75 —I°658 1°89 ~4'020 

_ 0-70 4°20 —1'693 1718 —2'767 
0-80 =. 3°31. 1279-095 ~—2°280 
o—60 3°az) =—1'238 90°86 ~2°078 
20-160 4°18 —16I0 1°00 —2°464 
20-170 3°30 —1'400 0°87 —1°996 
O-II0 4°93 —1'966 1°13 —2°730 
~87—56 5°17. —2°052 1°30 —3°140 
—87—0 2°54 —1'045 1°70 —3'8r4 
—95—0 4°77. —1°942 1°36 —3°180 
~ 60-143 3°34 —1°264 0°75 ~~ 1°860 
o-50 4°85 —1I'955 144 —2°962 
©-90 = 3°64 17469 I'00 2337 
o—go 487 -2°027 1°34 —3°082 
o—r00 63°88 «= — 17492 X61 —3°937 
o—-7o 4°00 —1'572 094 —2°265 
o—8o0 4°77. —1'930 «1'22 —2°895 
o—60 4°40 ~1'744 2°50 —6'01I0 
o—80 3°85 —1'602 112 ~2°552 
o-130 4°30 ~—1'694 118 ~2'840 
5-80 ° 4°76 —x8r0 1°72 —4'285 
O-I00 =4'00 =—1°639) «120 —2°760 
—-98-7o 2°98 —1'285 1°50 —3°200 
ao-1I0 | =—-33°34. - 1375 «103 —2°336 


Maximum 

% sutcience 

; Be rs 
"o8 i ys. 
33 : f gee 
ag BEE 258 
T9552 53°3 
ro 4°9 78°6 
1230 03 18'7 
1'o O44. It 
1'6 2°0 13°3 
17 3°2 ro 
2°0 5°0 63°2 
1°3 3°9 4°7 
r9 3704'S 
1x 6'2 46°2 
2°0 1°3 18°6 
Xo 4°0 97 
07 6 To 68 
I'4 Lr 27°2 
2°0 2°4 20°6 
12 07 43 
05 2°9 or 
I'x 0'9 g’0 
o°9 ry 242 
0°6 o'7 7'0 
I'L 4°0 8°8 
o7 «+ 2°06 12°O 
34 I°X 27°0 
2°2 15°90 72°5 
o'9 1’o 37°8 


: ‘The original Buehler’s equation has general constanfs as will be evident from the 


equation itself. 
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Bis Sig eee : : Tapot U0.7 9 fet. et 
- oo fe age ¥ Calc. x3 *% Difference. aoa 
‘Temp. a ¥ obs. Buehler’s Bnehler's Buehler’s Buebler’s. 
- ; : _ equation. modifled equation §§ modified 
equation. — ; equation, 


my 


Propionic acid : (m=o0'955; C= —2°16). fo ieee 


0° ; 98°80 37°64 29°20 30°4- 1°39 
Io _ 47°50 36°28 ~ 98'03 3I°9 ns: ign 
20 26°50 34°93 26°94 : ” "31°8 ; 166 
30 a5’60 3373-4576 ar a 062 
40 24°60 39°56 es 8459 32°4. —0'04 | 
50 23°65 31°49 "43°50, + 330, yy —0'60 
‘60° 22°60 | go'45 - 2a48 i>. 347. ~ 20753 7D 
70 ee 29°38 ar'4o. 35°40 —1738 ° 
80 20°70 28°39 9042 37°a ; - —I'40 
"90 . 19°80 47°39. - 3945-384 a _+E76 
100 75  a6"4r 18'5a . 40'S a” " ~1'93".. 
110 17°80 "45°45 _ 17°60 © 43°0 >, srg 
120 16°80 - a450 73. 167. 45°97. 1 + 0tgg- 
130 15°80 23°55 25°83 iy 49°0 | ye OF9 
140 ° 14°90 42°55 “xq'82 °° gr4S | ~0'53 


Benzene: (m=1'22; C=-—3'9167). 


° 31°87 , 33°24 31°87 4°30 oO 
Io 30°19 31°89 30°19 5°63 o’o 
20 28°88 30°20 28°88 4°57 oO 
3o 27°58 28°67 a7'56 3°96 —0'07 
40 26°28 27°30 26°24 3°89 —o'rs 
50 25°09 26°83 as'02 6'93 —o'30 
60 23°82 . + 24°82 23°81 4°22 —0'04 
70 2°55 23°60 22°57 4°67 0°09 
80 20°28 22°75 _ 20°36 I2a°Is 0°39 


*I00 18°02 19°57 18°13 8°60 o'6r 


* ‘This femperature is above B. P. 
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Tf the assumption that J/P=1'2 is done away with and Buehler’s equation 


1 
is written in the form loglog y=my*t+c (which will henceforwaid be 
referred to as Buehler’s modified equation) it is found+that the equation 
gives very satisfactory results, and surprisingly enough, by some compensa- 
tion of errors, the equation is found to apply satisfactorily not only to simple 
but also to associated liquids, not only to ordinary temperatures but also to 
temperatures above the boiling point of liquids. 

Table II gives a comparision of the three equations. 

In order to show the extent to which the Buehler’s modified equation 
agrees with actual measurements, the results for propionic acid, an associated 
liquid, and for benzene, a simple liquid, are given in detail in Table III. 

A ‘number of other equations connecting viscosity with density with 
or without temperature can be combined with Sugden’s parachor equation 
and the equations so obtained giving relationships between viscosity and 
surface tension are found, on examination, to be quite accurate though none 
of them is as simple as the modified Buebler’s equation. 

The data have been taken from Landolt Bornstein Tabellen (1923 
edition) and Tables Annuelles (Vol. V, 1937). 

I am deeply indebted to Professor B. Prasad for his kind interest and 
valuable advice during the course of this work. 


Mavyvorpaany CHEeaical LABORATORY, Received September 25, 1941. 
Ravarspaw CoLieas, Corrack. é 


DILATOMETRIC STUDIES ON SUPERSATURATION. PART J. 
By A. C. CHATTERJI AND Rama GOPAL. 


Tt has been confirmed that’ no sudden change in volume occurs at the saturation 
temperature when a solution is cooled from unsaturated to the supersaturated state in the 
cases of solutions of potassium nitrate, sodium nitrate, potassium sulphate, sodium acetate 

‘and oxalic acid in water. It has been demonstrated that inflexions in temperatnre- 
volume curves of any cooling solution occur only when crystallisation takes place, either 
automatically, or is induced artificially by-inoculation. An attempt has also been made 
to show that no sudden changes which can be exhibited as changes in volume of a cooling . 
solution occur in the molecular state at the lower limit of the metastable range i.¢., at 
the labile temperature. 


It has been shown by various workers that the physical properties 
€g., conductivity (Heim, Ann. Physik, 1886, iii, 27, 673), specific viscosity 
(Nichol, J. Chem. Soc., 1887, 81, 389; Taimini, J. Phys. Chem., 1928, 
82, 604), specific gravity, specific heat, heat of solution (Bindel, Ann. 
Phys. Chem., 1890, iti, 40, 370) and density (Scott and Badger, J. Phys. 
Chem., 1936, 40, 461) of supersaturated solutions do not suffer any abrupt 
change either at the saturation temperature or at any other point below 
this temperature to which it has been possible to cool the solution before 
spontaneous crystallisation sets in. 

The works of Miers and Issac (JF. Chem. Soc., 1906, 89, 413) appear 
to show, however, that a change in solution occurs at the metastable tem- 
perature. ‘The experiments carried out by Nayar (Proc. Acad. Sci., U.P., 
1931, ‘4, 100) on dilatation of supersaturted solutions seem to corroborate 
the conclusions of Miers and Issac and further claim to establish a 
break at the saturation point. But experiments of Hook (J. Phys. Chem., 
1937, 41,503) point ont that temperature-voluine curves of a number of 
solutions ‘‘show no non-uniformity at the saturation point.” As experi- 
ments of Hook are in general agreement with the hypothesis that the 
physical properties do not suffer any discontinuity at the saturation tem- 
perature, the experimental results obtained in the preliminary investigations 
of Nayar pointing out such a break require further investigation. 


-Oxalic Acid Solution. 


Aqueous solutions of different substances, saturated at temperatures 
varying from 50° to 70°, were ptt successively into a dilatometer similar 
to that of Nayar (loc. cit.) after filtering so as to remove dust particles, 
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that might be present in the salts. Solutions were immediately covered 
with a layer of paraffin oil in order to prevent any evaporation which might 
alter the saturation temperature of the solution. - The bulb of the dilatome- 
ter was dipped in a big beaker containing water. Further the beaker was 
covered with cotton pads with a little opening left for taking observations. 
This device was adopted to ensure a slow cooling. The solution was then 
heated to a temperature approximately 1ro° higher than the saturation 
point and the apparatus was completely fitted up as was done by Nayar 
and Hook. ‘Then the beaker was allowed to cool slowly. Changes in: 
volume were read on the capillary tube fitted on a metre scale." The rate 
of cooling was controlled by a micro-burner put under the beaker. 


In the table given below, scale readings are recorded along with the 
corresponding time and temperature for the oxalic acid solution.. 
Tape I. 


Oxali¢ acid solution. 


Time. Temp. Scale readings. Time. Temp. Scale readings. 


o min, 76° 990 76 min. 58° C.T.* 26° 
_ 74 92°2 80 584 18'o 
14 74 85°3 Se 58°5 ‘  I5"0 
a2 7o 77°5 —_— 58'8 10°0 
30 68 S.T.* 69°2 _— 59°0 60 
go 5 60'3 ae RB ae, oe > aye 
- 49 - ae _ 516 86 58°3 “ 3°0 
59 62. * 43°0 : > go 58'0 . o’o ; 
65 60 "340 97 «57°3 “a0 


From the above table the temperature-volume curve for -oxalic. acid 
was drawn as shown in Fig. 1, curve A. In all other cases similar readings 
were obtained and graphs B, C, D and E were drawn and are given in 
Fig. 1. 

From the curves given in Fig. 1 it is apparent that the graphs can be 
divided jnto two different types. The first type contains an inflexion 
while me second type is without it. In all these ae however, one thing 


* $.T. denotes the satnration temperature and C,T. the temperature at which 
crystallisation ia observed to. sta S, 


DILATOMETRIC STUDIES ON SUPERSATURATION 57 


:is common ji.e., no discontinuity occurs at the point where the solutions 
.pass from the unsaturated into the supersturated or metastable state. Inu 
every.case in which spontaneous crystallisation occurs (curves A, B, C and 
D) there is a change in the direction of the curve at the point where crystalli- 


’ Fig. x. 


Temerature. 


Na Acetate (0) 





120 80 40 ° 
_ Scale readings (cm.). 


sation begins with a consequent release of supersaturation ata little lower 
temperature. The magnitude and shape of the ‘inflexion depend upon the 
quantity of heat evolved-and the amount of the crystals formed on the release 
of supersaturation. In‘ the second type (curve E) i.e., in the case of sodium 
acetate, which is capable of remaining in the supersatured condition to a 
great extent, no crystallisation took place even when —8° was reached, the 
saturation temperature being 58°. It is clear therefore that scdium acetate 
does not crystallise within the limits of the temperatures tried and no break 
in the curve is noticed. 
ey From the curves it can also be seen’‘that inflexion is well marked in 
‘the case of oxalic acid, not so clear in the case of potassium sulphate 
‘and does not occur at all in the case of sodium acetate. - This is due. tg 
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the fact that comparatively large amount of crystals is released in the 
case of oxalic acid, temperature coefficient of solubility being 2'7 g. per 
degree, whereas in the case of potasssium sulphate, etc., quantity released 
is small, the temperature coefficient of solubility being o’2 g. per degree. 

It is therefore clear that the inflexion in temperature-volume curve 
at the saturation temperature observed by Nayar is merely due to crystalli- 
sation that sets in at that point and that it is not a characteristic of the 
saturation temperature itself. This is to say there occurs no sudden change 
‘in the volume of a solution as it passes from the unsaturated into the 
supersaturated state indicating no sudden change in the state of the 
entities concerned at the saturation temperature. Continuing the same 
trend of reasoning, there is no reason to suppose that a sudden change in 
the volume should occur at the lower limit of the metastable range (i.e., 
at the labile temperature) unless of course crystallisation sets in. For 
example, in the case of sodium chlorate solution crystallisation does not 
occur even at the labile temperature (Miers, loc. cit.). Even moderate 
shaking has no effect and the solution passes far into the labile region 
without crystallising. A similar case is noticed in sodium acetate solution 
although no supersolubility data is available in the literature. If, there- 
fore, we bring about crystallisation in these cases by inoculation, curves 
similar to that of oxalic acid should be obtained. Conveisely, if crystalli- 
sation in oxalic acid be stopped somehow, the inflexions observed should 
disappear or at least shifted to some lower temperature where crystallisation 
may set in. With a view to get further information on this point experi- 
ments given below were carried out. 


Oxalte Acid Solution with Inoculation. 


Oxalic acid solutions to which varying amounts of gelatine were added 
crystallised at the same temperature as pure oxalic acid solution indicating 
no effect of added gelatine. 

The next procedure suggested above, i.e. to induce crystallisation by 
inoculation in sodium acetate and sodium chlorate solutions was therefore 
adopted. Sodium chlorate solution, however, began to crystallise at the 
saturation temperature in preseuce of vil. But sodium acetate solution 
gave very satisfactory results, hence it was utilised in the following set of 
experiments. 

The simple dilatation apparatus used in the previous experiments is 
modified so as, to enable one to inoculate the cooling solution with a minute 
crystal of the substance without disturbing the rest of the apparatus, at 
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any desired temperature. It carries an upright side-tube of approximately 
the same height as the neck of the dilatometer. At the upper end of the 
tube an arrangement is made to enable one to drop a germ crystal into the 
solution by slightly twisting the handle of the crystal-carrying cup as is 
the case in the vapour density apparatus of Victor Meyer. The whole 
atrangement is made air-tight. The temperature readings are taken as 
before and the graphs given in Figs. 2 and 3 below are obtained from 
them. 





Fic. 2 FIG. 3 
80 
60 
st 
em e 
© : 
5 40 3 
$s = 
hy on - ety 
Fol = 
20 
& or, & 
o 
20 ; tL 
. 120 80 "40 ° 100 60 20 0 
Scale readings (c1m.). Scale readings (cm.). 


‘In order to investigate a wide range of temperatures with the same 
capillary tubing the following device is adopted in the cases represented 
by the curves E of Fig. 1 and by those of Fig. 2. “No readings are taken 
until the solution cools down to the temperature marked by the letter N 
on the cttrves of these figures. At this temperature recording is started. 
The scale reading at this temperature is brought to 100 cm. approximately 
in every case. This is done by attaching a bent capillary tubing filled 
with oil to the main capillary tube and dipping the end of the bent tube 
in a beaker containing oil. It is disconnected when the solution cools 
down to the required temperature.’’ In Fig. 3 the initial reading for every 
curve is roo cm. and 72°. Inoculation in Fig. 2 are made at 52°, 31° and 
16°; while in Fig. 3 at 52°, 42°, and 35°. ‘The straight portions of the 
curves in Fig. 3 are almost coincident except a little deviation due to the 
experimental errors. 
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From these series of graphs itis clear that a crystallisation process is 
always accompanied by an inflexion in the curve. But the curves E in 
Fig. 1 show that if there is no crystallisation there is no inflextion. 
The graphs of Figs. 2 and 3 are of the type of oxalic acid. Hence 
these experiments conclusively prove that inflexions can be produced at 
any desired temperatpie within the supersaturated region by bringing about 
crystallisation at that temperature artificially by inoculation. I{ we suppose 
that the labile temperature for sodium acetate solution studied here is 
included within this wide region of supersaturation (from 58° to —8°), and 
this seems to be fairly certain as the solution sets to solid mass immediately 
on inoculation, it can be said with a fair degree of accuracy that no in- 
flexion occurs even at the lower limit of the metastable range, i.e., at the 
labile temperature of Miers. 


CHEMICAL LABORATORY, ° 
UNiversity or Lucknow. Received October a1, 1941 


AN ATTEMPT TO CORRELATE THE CONSTITUTION 
OF GLASS WITH THE POTENTIAL AT GLASS. 
ELECTROLYTE INTERFACES. 


By R. C. Ray, P. B. GANGULY AND B. P. Sarxar. 


The 3. M. ¥. of cells in which powdered glass in contact with potassium silicate 
solutions of different concentrations formed one component was measured, the other 
components being normal calomel and calcinm-amalgam electrodes. Powdered glass 
has been found to behave as a sparingly soluble salt. An attempt has been made to 
correlate the results obtained with the constitution of glass. 


If glass be considered a definite compound, a saturated solution of 
powdered soft glass in water will furnish definite amounts of sodium, calcium 
and silicate ions and will conform to a definite solubility product value. If 
now a solution of potassium silicate be in contact with powdered glass and 
be saturated with it, an equilibrium will be set up among the sodium, 
calcium and silicate ions, for the concentrations of which the law of mass 
action will apply. ‘T‘he bulk of the silicate and the concentrations of. the 
cations’ will be controlled by the concentration of the silicate ion through 
the solubility product of glass. The system is thus comparable with a 
solution of potassium chloride in contact. with mercurous chloride and 
saturated with it, the concentrations of the cations in both the cases being 
controlled through variations in the concentrations of the anions. It would 
thus be possible to set up an electrodé of the second type if one of the 
cation metals of glass be put in contact with a solution of potassium silicate 
in contact with powdered glass and saturated with it. Owing, however, to 
the unstable nature of the cation metals of glass, amalgam electrodes will 
have to be used. , 


In the present experiments a cell has been set up on the above 
principle, and the variations in the uy. M. #. of the cell for different concen- 
trations of the potassium silicate solution have been measured. On the 
basis of certain assumptions, it is possible to dérive an expression which 
connects the x. mM. F. of the cell with the constitution of glass. This 
expression has been applied to the experimental values to get information 
about the possible constitution of glass considered as a compound. 
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Derswatton of the Expression for the KE, M. F. 


Considering the cell, 
Glass powder 


N-Calomel | (Na*, Ca**, SiO,;7) | Ca, He. 


Pot. Silicate solution 
(C,) 
the #. um. F. of the cell is given by the expression 


é1= Ecalomel — {Braet me log [Catt] on 
where E°,.++ represents the normal potential of calcium-ions. Let the 
glass have a composition, . Na,O, yCaO, 2SiO,. On ionisation we get 
*Na,O, y CaO, 2 SiO,e—== =x Nat+y Cat? +z (Silicate “”). 
By applying the law of mass action we get: 


[Nat]*[Ca**]* [Silicate] *=K 


K ; 
+712 ++) — Loe 
- [Nat ]*[Ca"*l"= peices] i) 
Let = =p, i.e., for every calcium ion furnished by the ionisation of the 
y 


glass in a saturated solution, let p-ions of sodium be obtained. Thus in 
a saturated solution of glass, 
[Na*j=p[Ca**]. 
Substituting this value in equation (i+) we get, 


=z ++ la +t] Ve K 
b*. [Cat*]*. [Ca**] [Silicate] * 
pd an 
hee sees stn es (x+4)) 
oe re 1- {5 [Silicate |* . 


Substituting this value for the calcium ion concentiation in equation (2) 
we get 
RT I Kk I 
= ~4E° t+. -log | >. = 
#1 Ecotoma GIN ae Gay (s amy} 


ae I RT K z Ri Bee aa 
= — fe - l maak. __— 
or ¢1= Ecatome — E°o,+4 Gag a op! Gly) aE log [Silicate™"]c 








Next consider an exactly similar cell but with a different concentration 
of potassium silicate solution =C,. viz., 
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Glass powder 
N-Calomel | Na*, Ca**, SiO) 


Ca, Hg. 





Pot, silicate solution 
(C3) 
As before the &. mM, F. of this cell will be given by 


4 Rie Be RE 











= ~E° 44 — = : ili ody 
€2= Ecutomel at Gag) uF log b Grp) aF log [Silicate] | 
‘Therefore, 
oe ie 5B RT rn : = eae ; 
6,4 Ga ae {0 [silicate ion] é log [silicate ion ] Ge : 


Z RT [silicate ion] . 
1 


or ~e,= — .-—.1 woe (SL 
CS (x+y) nF °8 [silicate ion Cy (ii) 


The above. expression has been applied to the present experiments. 


EXPRERIMENTAL. 


A sample of gldss was prepared by fusing together sodium carbonate, 
lime and silica. Pure anhydrous sodium carbonate (40 g.), dry calcium 
carbonate (rr g.) and washed precipitated silica (75 g.) were intimately 
mixed together. The mixture was charged into fire-clay crucibles and 
heated for 3-4 hours in an electric furnace which gave a temperature of 
about r000-1100°. ‘The resulting sample of glass was finely powdered and 
stocked for use during subsequent experiments. 

‘The exact composion of the above sample of glass was determined by 
analysis which gave the following percentage values (Na,0, 21°8 ; CaO, 6'0 ‘ 
SiO,, 72°2) corresponding approximately to an analytical composition, 
3Na,0, CaO.r0 SiQs,. 

The calcium amalgam used duiing the measurements was prepared 
by the method recommended by Neuhausen (J. Amer. Chem. Soc.. 1922, 44, 
1445). Sufficient quantity of pure mercury was placed in a flat-bottomed 
glass basin so as to just cover up the bottom of the vessel. A large cathode 
surface without using too much mercury is desirable. A 1°75M solution 
of calcium chloride was poured over the mercury to form a layer about 2 cm. 
high. A perforated circular disc of platinum of 35 sq. cm. surface 
area served as the anode. ‘The anode was adjusted at the proper height 
and the electrolysis was carried out with a current of 355 amps. After the 
amalgam had been formed, the solution was drained off, the surface of the 
amalgam was wiped with a dry filter paper, and it was then quickly trans- 
ferred to a stoppered vessel and preserved in an atmosphere of nitrogen. 
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Neuhausen has recommended an atmosphere of carbon dioxide for preserving 
the amalgam. In the present experiments an inert atmosphere of nitrogen 
has been found more suitable as carbon dioxide cannot be used where 
measurements with alkali silica solutions are concerned. oe 


Fic. x. 





‘The experimental arrangement’ for the cell is based on the apparatus 
recommended by Fosbinder (J. Anter. Chem. Soc., 1929, 64, 1349). Certain 
necessary modifications have been introduced. ‘The arrangement is shown 
diagrammatically in Fig. 1. Nitrogen from a six litre aspirator bottle 
was allowed to stream through a series of bubblers (1, 2, 3) containing 
concentrated ferrous sulphate solution und alkaline pyrogallol. With the 
help of the taps t, and t,, the nitrogen could bubble directly into the solution. 
in the experimental tube or through G; and the capillary tube, as desired. 
Potassium silicate solution of requisite concentration was thoroughly shaken 
up with the powdered glass and filled into the experimental tube. The 
sanie solution was also put in the globe G.. ‘The vessels marked G con- 
tained solid powdered glass and served to maintain the solution saturated 
with respect to glass. The amalgam was contained in the globe G, ‘and 
was allowed to enter the solution in the experimental tube through the 
capillary. During its passage the amalgam swept over the platinum wire 
(Pt) which served as the terminal at the amalgam end of the cell. C was 
a normal calomel electrode. By regulating the flow of liquids from G, and 
G,, the junction was constantly renewed and the junction potential was 
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considerably minimised. ‘The potential was measured through the leads 
L, and Ls, by means of a Tinsley potentiometer. 

The cell set up was 

Glass powder, 

Pot. silicate solution. | © Ha, 

and the x. M. F. with potassium silicate solutions of different concentrations 
were measured. ‘The potassium silicate used was a sample of Kahlbaum’s 
-metasilicate. ‘She average 4. M.¥F. values of several runs are given in the 
following tables. : 

It should be mentioned that considerable difficulty was encountered 
in protecting the amalgam and stopping it from choking the capillary. 
The difficulty, however, was overcome toa large extent by maintaining a 
slight regulated pressure of nitrogen through the globe Gs. With each 
concentration of potassiam silicate solution, a large number of #. mM. F. 
readings were taken and only those values which agreed closely within a 
few millivolts have been utilised. 

Freezing points of potassium silicate solutions have been determined 
by Kahlenburg and Lincoln (J. Phys. Chem., 1898, 2, 77). Attempts were 
made to determine the activity coefficients of potassium silicate solutions 
from these data by using the Lewis and Linhart formula (J. Amer. Chem. 
Soc., 1919, 44, 1952). Owing, however, to the doubtful nature of the 
value of v, the number of ions furnished’ on dissociation, the results were 
not satisfactory. An accurate series of conductivity measurements of sodium 
silicate solutions have been made by Harman (J. Phys. Chem., 1925, 29, 
1155). ‘Thes data have been used to_calculate the degree’ of dissociation of 
potassium ‘silicate solutions, the valnes for the sodium and potassium salts 
being taken as comparable. ‘The degrees of dissociasion reckoned in the 
above manner are given in Table I. In Table IJ are given the values of 


N-Calomel 


(e,~ e,) and the corresponding values of (25] as calculated with the 
help of equation (é). pee. 





Tasie I. TABLE II. ° 
Pot, hy [Silicate--] Cell. €1—€_. 
silicate soln. a= a nea 
roo N OS o'5 Cn ~&o:aN 0°043 volt. 1°79 
oro o°813 0081 €n — 25 aN 0°027 2°18 
0°04 o*9g 0°036 nx —€ororN 0082 rg 
0°02 0°95 o'019 CoN —€o-o9N 0°0%2 1'76 


oor 0°97 0°0097 Coun —€.-oN 0061 27392 
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DISCUSSION, 


‘The experimental results show that powered glass behaves as a sparingly 
soluble salt. When glass is dissolved in water, it furtfishes calcium ions 
which can function to al large extent as reversiblelions in an electrode process. 
‘Those facts support the view that pure glass is a'true chemical compound. 

A considerable difference of opinion exists as to the chetnical composi- 
tion of glasses, which are generally regarded as a complex mixture of several 
simple silicates or a solid solution. ‘The results of a study of durability of 
soda-lime-silica glasses towards chemical 1eagents led some investigators to 
postulate the existence of a compound, 6SiO,.CaO.Na,O0. The work of 
Foerster (Z. anal. Chem., 1894, 38, 38x) on the action of water on vessels 
of various kinds of glasses showed that minimum corrosion occurred with 
the glass of approximately the 6SiO, R” O.M/’,O composition. ‘This 
particular composition has frequently been referred to in literature as the 
“normal glass’. From the results of analyses of a large number of glasses 
and Foerster’s experiments, Zulkowski (Chem. Ind., 1899, 22, 280) came 
to the conclusion that there must be a definite complex silicate in glass of 
composition stated above, and ascribed to it the formula, 


0.Si0. 0.Si0.Si0.0M! 
RI < 


0.Si0. O.Si0.SiO0.OM!’ : 

A complex compound of the composition, 6SiO,. CaO. Na,O, will give 
both sodium and calcium ions in solution, and, when the complex is broken 
down, the ratio of silica 1ons (z) to the sum of calcium (x) and sodium (y) 
ions will be equal to2. The results in Table II show that the 1atio 
z: (x+y) is fairly constant, and the average value of the ratio is 2:1. 
It is not likely that the ratio will have the same value in all cases if glass 
were a mixture of simple silicates. 

Further experiments with sodium amalgam and an improved method 
for elimination of liquid junction are being attempted. 
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NEW COMPOUNDS OF GALLIUM. PART IV. GALLIUM 
HYDROXYL AMMONIUM ALUM AND DOUBLE 
SULPHATES OF GALLIUM AND PRIMARY, 
+» SECONDARY AND TERTIARY 
ALIPHATIC AMINES. 


By PancHANAN NEOGI AND Kanat La Monpar. 


Gallium sulphate has been combined with hvdroxylamine sulphate and sulphates 
of primary, secondary and tertiary aliphatic amines. Hydroxylamine has yielded an 
slum crystallising from water with 24 molecules of water. The double sulphates con- 
taining amine sulphates contain Jess than 24 molecules of water, some containing 16 
and others 18 molecnles. Double sulphates of two primary, one secondary and two 
tertiary amines have been obtained. 

Soret (Arch. Phys. nat., 1888, 20, 528) prepared gallium ammonium 
alum by combining gallium sulphate and ammonium sulphate. In this 
paper, gallium sulphate has been combined with hydroxylamine sulphate 
and sulphates of primary, secondary and tertiary aliphatic amines. 
‘Hydroxylamine has yielded with gallium sulphate an alum crystallising 
from water with 24 molecules of water. The double sulphates containing 
amine sulphates contain less than 24 molecules of water of crystallisation. 
Double sulphates of two primary, one secondary and two tertiary amines 
have been obtained. , 


EXPERIMENTAL. 


Gallium Hydroxyl-Ammonium alum.—Equimolecular quantities of 
gallium sulphate and hydroxylamine sulphate were mixed together in 
aqueous solutions and then evaporated in a vacuum desiccator. ‘I'he solid 
obtained was dissoved in the least quantity of water and the double sulphate 
precipitated by means of absolute alcohol. It was crystallised several times 
from water. Crystals weie large and found, after drying for two days in 
air, to contain 24 molecules of water. It effloresces when kept exposed to 
the air -for a long time. It is insoluble in alcohol. [Found: N, 295; 
Ga, 13°84; SO., 37°12. NH(OH).H,SO,, Ga2(SO,)s, 245.0 requires 
N, 2°73; Ga, 13°67 ; SOQ,, 37°5 per cent]. 

Gallium isoAmylammonium Sulphate-—To a molecule of gallium 
sulphate dissolved in water, an aqueous solution of a little more than a 
molecule of isoamylamine sulphate was added. The mixture was allowed 
to evaporate in a vacuum desiccator over sulphuric acid tilla dry solid was 
obtained. It was treated with absolute alcohol aud the free amine sulphate, 
which is soluble in alcohol, was removed by filtration. The residue was 
dissolved in the smallest quantity of water and the double sulphate pre- 
cipitated by the addition of absolute alcohol. It was crystallised from water 
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and analysed after drying in air. ‘The double sulphate is soluble in water 
but insoluble in alcohol, ether and other common organic solvents. On 
keeping, it gradually became insoluble in water. It melts with decomposi- 
tion at a high temperature. [Found: N, 2°7; Ga, 14°523 SO, 38°48. 
(CsHisNHa)a. HsSO,, Gas(SO,)3, 16H30 requires N, 2°83; Ga, 14°17; 
SO,, 38°86 per cent]. te 3 

Gallium isoButylammonium Sulphate—The double sulphate was 
prepared in the same way as the above compound. In properties it is 
similar to that compound. [Found: N, 2°75; Ga, 14'91; SO,, 40°22. 
(C,HsNH,)s H2S8O,., Gaz (SO,)s, 16H 0 requires N, 2°91 ; Ga, 14°58; SO,, 
40 per cent]. 

Gallium Diethylammonium Sulphate-—An aqueous solution of a 
molecule of diethylamine sulphate was mixed with a little more than a 
molecule of gallium sulphate dissolved in water and the mixed solution was 
evaporated in a vacuum desiccator over sulphuric acid. The solid obtained 
was treated with absolute alcohol: The double sulphate being soluble in 
alcohol went into solution. It was separated by filtration from gallium 
sulphate which is insoluble in absolute alcohol. ‘The filtrate on evaporation 
gave deliquescent crystals of the double sulphate which was crystallised 
from water before analysis. It is very soluble in water but insoluble in 
acetone, ether, chloroform etc. ‘This double sulphate also melts with 
decomposition at a high temperature. [Found. N, 2°97; Ga, 14°46; SO,, 
38°80. {(CzHs)aNH} 2H2SO,, Gaz (SO,)3, 18H,O requires N, 2°81; Ga, 
14°05; SO,, 38°55 per cent]. 

Gallium Tri-isoamylammonium Sulphate-—A molecule of gallium 
sulphate dissolved in water was mixed with a little more than a molecule 
of tri-isoamylamine sulphate and allowed to evaporate in vacuum over 
sulphuric acid. The dry sulphate was treated with absolute alcohol to 
remove the free amine sulphate and then crystallised twice from water. 
‘The compound was analysed after drying between the folds of filter papers. - 
It decomposes on keeping and becomes insoluble in water. [Found : N, 
2°19; Ga, 10°68; SO,, 29°81. {C;Hy,); N},HsSO,, Ga,(SO,)3, 16H,0 
requires N, 2°20; Ga, 11°02; SQO,, 30°28 per cent]. 

Gallium trimethylammonium sulphate was obtained in the same way 
as the tri-isoamylammonium sulphate. It is very soluble in water. [Found. 
N, 3°35; Ga, 14°92; SU. 39°28. {(CHs)sN}:H,SO;, Gas(SO,)s, 18H.O 
requires N, 2°89; Ga, 14°46; SO, 39°67 per cent]. 
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STUDIES IN LONG-CHAIN ACIDS. PART IV. 
‘ By P. C. Mrrrer anp Brpvut Kamar BHATTACHARYYA. 


Aleuritic acid, isolated from shellac, has been converted into epi-ambrettolic acid . 
and epi-ambrettolide as well as ethyl 16-cyano-A¥-hexadecenoate and homocivetic acid. 


Since the elucidation of the constitution of civetone (I) and muscone 
(II) asa result of the classicial researches of Ruzicka, the study of the 
multinembered ring systems has acquired a new importance 


CH-——ICH,], ° - CH;—CH,—CH’ Me 
; C=0 | ; 
CH——[CH,], ACH -CO==cu, 
0 
(I) (II) 


According to Luttringhaus and Ziegler (Annalen, 1937, 828, 181) the odour 
depends primarily on the size of the ring, the only condition being the 
presence of a place of disturbance (stérungstelle) on the molecule. The 
nature of the ‘place of disturbance’ may differ widely in chemical character 
in beg either a ketone, a lactone, an anhydride, ester, acetal or even an 
endocyclic imino grouping, without materially influencing the character of 
‘the odour. Polymethylene rings with fifteen to seventeen members and 
including one of these functional groups show throughout the odour of 
musk or of ambergris.. With lower membered rings (C,,) the odour resem- . 
bles cedar wood, while with still lower members the odour becomes cam- 
phoraceous. ; ; + 

Kerschbaum (Ber., 1927, 60, 902) has shown the presence of the lactone 
of w -hydroxypentadecoic acid (IIIa) and the lactone of w-hydroxy-A®- 
hexadecoic acid (IIT; n=8 ; »}=5),-ambrettolide in angelica root oil and in 
ambretto seed oil, the vegetable oils possessing odour of musk. 


O CH——[CH,|]n——o 
[CH] | ana | 
co CH——[CH,]2'-—-Co 
(Ta) (IIT) 
Exaltolide - Ampbrettolide 


Whiereas muscone is a saturated compound, civetone contains one double 
bond in the molecule, but the presence of the double bond has nothing to do 
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with the odour of the compound which has been found by Ruzicka to remain 
unchanged on saturation. A similat observation has been made by 
Kerschbaum (loc. cit.) with ambrettolide (III), where the saturation of the 
double bond does not alter the odour. 

While dl-muscone has been synthesised by Ziegler and Weber (Annalen, 
1934, 642, 164), and also by Ruzicka and Stoll (Helv. Chim. Acta, 1934, 17, 
1308), the synthesis of civetone has not yet beeu accomplished. ‘The chief 
reason for this is that the corresponding acid, namely A®-hexadecene- 
1: 16-dicarboxylic acid (IV, n=n'=7) which should give this ketone on 
cyclisation can not be obtained with known synthetic methods. Ruzicka 
(Helv. Chim. Acta, 1932, 18, 1459) has, however, prepared a lower homo- 
logue of civetone by the distillation of the yttrium salt of A®-penta- 
decene-1 : 15-dicarboxylic acid (IV, n=6; n’=7) which he named civetic 
acid. 

It has now been possible to develop a new method for the synthesis 
of the unsaturated acids of the type mentioned before, starting from 
aleuritic acid (V) which can be obtained by the alkaline hydrolysis of 
shellac. A glance at the formula of aleuritic acid (V) and civetone (I) 
would show little relationship, but when it is considered that it is 
possible to convert aleuritic acid to a w-halogenated A®-hexadecenoic acid 
(VI, X=Halogen), it becomes at once clear that both civetic (IV, n=6; 
n'=7) and homocivetic acids (IV, »/=n=7) are synthesisable from it through 
the usual operations. 


CH~[CH, ]n—CO,H HO—CH—[CH,],—CH,OH 
CH—[CH, ]n/—CO,H HO—CH—[CH,],—CO,H 

(IV) (V) 
CH—[CH, ],—CH,—X CH—[CH,],—CH,—CH(CO,Et), 
CH—[CH,],—CO,H cH—[ CH, ],—CO,Et 

(VI) (VI) 


Considerable difficulties were encountered in the conversion of aleuritic 
acid into the desired halogenated acid (VI). When an ether suspension of 
aleuritic acid is treated with a solution of phosphorus di-iodide, w-iodo-A9- 
hexadecenoic acid (VI, X=I) is obtained. This method of double-bond 
formation has been extensively used by Kuhn and Winterstein (Helv. Chim. 
Acta, 1928, 11, 87 ; cf. Kuhn, J. Chem. Soc., 1938, 605) in the synthesis of 
polyenes. : 


‘ 
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‘he w-iodo: acid could not be purified. Its silver salt on being heated 
in xylene undergoes lactonisation, giving a seventeen-membered lactone 
(II, n=6; 7° = 7), which has been named epi-ambrettolide. 

It is found to possess a musk-like odour but more fresh and floral as 
is commonly the case with lactones (cf. Kerschbaum, loc. cit.). 

he corresponding hydroxy acid namely epi-ambrettolic acid (VI, 
X=OH) has been obtained in an impure state by acidification of the alkaline 
washings of the lactone. The acid could not be purified. Attempts to 
obtain the pure acid by hydrolysis of the acetyl derivative, prepared from 
the iodo-acid (VI. Hal=I) with potassium acetate, also failed, owing 
perhaps to the fact that the intermediate acetyl derivative could not be 
obtained pure. In the hope of purifying some of the intermediate products, 
the action of phosphorous di-iodide has been tried on ethyl aleuritate. 
The process is found to be far more satisfactory as the iodo-ester can be 
purified by distillation. Acetylation with potassium acetate in acetic acid 
gives the corresponding acetyl derivative, which on hydrolysis with alcoholic 
potassium hydroxide gives the desired epi-ambrettolic acid, m.p 55-55°6°, 
along with an impurity, m.p. 81-82°, having a much higher carbon content 
which is under investigation. - 

Attempts are made to condense the iodo-ester with sodiomalonic ester and 
potassium cyanide for synthesising homocivetic (IV n=n'=7) and civetic 
(IV, n=6; n’=7) acids. Unusual difficulties are, however, encountered 
in carrying out these apparently simple operations. ‘The desired product 
could be obtained only under very specific conditions, the slightest variations 
leading to completely different products. 

Condensation of the iodo-ester with ethyl sodiomalonate in alcohol 
results in the isolation of ethy] 16-ethoxy-A®-hexadecenoate. When the 
reaction is carried out in benzene medium (vide experimental) the triester 
(VII) is formed which on hydrolysis and decarboxylation followed by esteri- 
fication and distillation furnishes diethyl ester of homocivetic acid (IV, n’= 
n=7). The crude acid obtained by hydrolysis of the ester with methyl 
alcoholic potassium hydroxide melts at 81-88°, the melting point being 
raised to 102°5-103'5° after three crystallisations from ethyl acetate. 
Ketonisation to civetone by distillation of the yttrium salt or through the 
dinitrile by the method of Ziegler will be taken up as soon as a sufficient 
quantity of the acid has been obtained. , 

The’ meagre solubility of crude iodo-ester in alcohol, coupled with its 
tendency to resinify, leads to poor yields in our attempt to replace the 
iodine by a cyano group. A number of conditions was tried e.g., potassium 
cyanide in aqueous alcohol, in acetone or methy! ethyl ketone and silver 


e 
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cyanide in benzene, but no satisfactory method could be found. ‘The cyano- 
ester has not been obtained in sufficient quantity to study its hydrolysis to 
civetic acid. ' . : 

The synthetical experiments, mentioned above, can not be regarded as 
complete, before the synthesis of aleuritic acid itself has been accomplished. 
Some progress towards the synthesis of this acid was made in this laboratory 
by Mitter and Dutt who synthesised ethyl 16-acetoxy-10-ketopalmitate 
(J. Indian Chem. Soc., 1939, 16, 673). : 

Meanwhile we have achieved a partial synthesis by preparing 16- 
phenoxy-A®-hexadecenoate (m.p. 59°) by the action of sodium phenate on 
the iodo-ester. We expected that this acid could be obtained synthetically 
by the reduction of PhO'CH,[ CH. ],CO—[CH,],—CO.Et followed 
by dehydration and hydrolysis. 


Pho. CHs~[CHa].—CO— CH,],—CO,Et 
PhO. CHy—[CHs].—CHOH—[CH,],—CO.Et 
Pho. CH,—/! CH, ],—CH= CH—[CH,], CO,Et 


Unfortunately, the keto-ester could not be reduced either catalytically or with 
sodium and alcohol. Reduction with aluminium isopropylate gives a com- 
pound whose analytical data do not correspond with those required by 
the hydroxy ester. 


ExPHRIMENTAL. 


Preparation of Aleurilic Acid.—Lac (300 g.) was dissolved in 6N- 
potassium hydroxide (1380 g.) and left to stand for 4 days, when the potassium 
salt of the acid precipitated. It was filtered,’ washed with 6N-potassium 
hydroxide, and acidified with 10% icecold sulphuric acid. The light 
yellow coloured‘acid was crystallised from water with a little charcoal, m.p. 
roo-ro1°. ‘The yield was 10%. 

w-Todo-A®-hexadecenoic acid was prepared by adding a carbon- 
disulphide solution of phosphorus di-iodide to an ethereal suspension of 
aleuritic acid (ro g. in 60 c.c.). "There was some effervescence and a sticky 
red solid was formed. After standing overnight ice was added and it was 
extracted with ether and washed with sodium thiosulphate. It was obtained 
as a thick oil, which could not be purified but was directly used for the 
next process. ; 

Addition of solid phosphorus di-iodide (cf. Kuhn and Winterstein, 
loc., cit.) to an ethereal suspension of aleuritic acid gave inferior results. 
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Epi-ambrettolide was obtained by refluxing the silver salt of above 
‘jodo-acid, prepared as usual from the corresponding ammonium salt, in dry 
xylene for 36 howrs in an oil-bath. The xylene solution was washed with 
N/2-potassium hydroxide and on removal of xylene a small quantity of an 
oil .b.p. 165°-175°/10 mm.) was obtained. (Found: C, 76.4; H, x0's. 
Cis HasO, requires C, 76°2; H, rx°x per cent). 

The lactone possesses an intense odour of musk. It decolourises 
bromine in chloroform and permanganate solution. When freshly distilled 
it has got a light’yellow colour but on standing assumes a brown colour. 

Acidification of potassium hydroxide washing of the xylene soiution 
gave epi-ambrettolic acid in very impure form. 


Ethyl aleuritate was prepared from aleuritic acid using sulphuric acid 
as usual. The ester crystallised from ether, m.p. 50-55°. (Found: C, 
65°6; H, 10'5. CysH.,O05 requires C, 65°1; H, r0'84 per cent). 

Ethyl 16-Iodo-A®-hexadecenoate.—To a suspension of ethyl aleuritate 
(20 g.) in dry ether (150 c.c.), a solution of phosphorus di-iodide in carbon 
bisulphide, prepared by gradually adding iodine (34 g.) to a solution of 
yellow phosphorus (4°2 g.) in the dry solvent (63 c.c.) was added slowly, 
afew c.c. at a time, with constant shaking. A sticky mass began to 
separate. It was then left overnight. ‘The contents “of the flask were 
poured on ice-cold water and extracted with ether. The ethereal layer was 
washed successively with water, sodium bicarbonate and sodium thiosulphate. 
On treatment with sodium bicarbonate sometimesa heavy oily layer separated 
at the bottom. The iodo-ester has a great tendency to resinify. The ether- 
carbon bisulphide mixture was evaporated under pressure below 50°. It 
distilled at 180°/1'5 mm, yield 3 g. The yield remained the same when 
theoretical amounts of phosphorus and iodine were used. (Found: I, 30°3. 
CisH33O0s1 requires I, 31°1 per cent). 

Ethyl 16-acetoxy-A4°-hexadecenoate was prepared by refluxing the 
iodo-ester (14 g.), potassium acetate (15 g.) and glacial acetic acid (45 c.c.) 
for 5 hours. The mixture was poured into water and extracted with ether. 
‘The ethereal extract was washed with sodium bicarbonate, dried and distilled 
at 190°/2.mm., yield g. (Found: C, 71°3; H, 10°2. CyoHs.0, requires 
C, 70°6 ; H, 10°6 per cent). . 

16-Hydroxy-A°’-hexadecenoic acid (epi-ambrettollic acid) was 
obtained by the hydrolysis of the above acetoxy ester with methyl alcoholic 
potassium hydroxide (10%, 3 mols.), m-p. 55-55°5°. It has been observed 
that if the original iodo-ester is slightly impure, a substance is obtained 
at this stage, which on crystallisation from acetone and ethyl -acetate melts 
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at 81-82°. This substance is under investigation. (Found: C, 71°7; H, 
10°3. CysH3,0s5 requires C, 71°7; H, rx per cent). 

Ethyl A°-Hexadecene-1: 16 dicarboxylate (ethyl bomocivetate).—A 
suspension of molecular sodium (0°56 g.) in benzene (50 c.c.) was cooled in 
ice and malonic ester (8 g.) was added to it drop by drop. The mixture 
was allowed to stand overnight and ethyl 16-iodo-A*-hexadecenoate in 
benzene (15 c.c ) was added to the sodio-malonate. It was then allowed to 
stand one day, next heated at 50°-60° for 8 hours, then on the water-bath 
for 17 hours and finally in an autoclave for 5 hours at 150° in an atmosphere 
of alcohol.Benzene and alcohol were removed under low pressure. 

To the liquid residue a solution of potassium hydroxide (15 g.) in 
alcohol (95%, 150 c.c.) was added and the mixtuie heated on the water-bath 
for. 4 hours, when a red colou: developed and the potassium salt of the 
tricarboxylic acid separated. The mixture was diiuted with water and 
acidified with hydrochloric acid. It was uext extracted with ether and 
then decarboxylated by heating for 1 hour up to 180°. The black tarry 
mass was esterified with alcohol (20 c c.) and sulphuric acid (2 c.c., d. 1°84) 
by refluxing for 32 hours. The black mass was poured into ice and ex- 
tracted with ether, the ethereal extract washed with sodium bicarbonate 
and distilled, b.p. 270°-215°/3 mm., yield 2°7 g. It isa thick oil, decolouris- 
ing bromine immediately. (Found: C, 72°04; H,10°85. CasHy.O, requires 
C, 71°7; H, 10’9 per cent). 

In an experiment where the condensation was carried out in an alcoholic 
solution in the following manner, ethyl 16-ethoxy-A’-hexadecenoate was 
obtained. 

The above iodo-ester (5 g.) was added to an alcoholic solution of sodio- 
malonic ester (malonic ester, 1 c.c.; 0'24 g. of sodium and 4.7 c.c. of alcohol) 
and the mixture was heated in an autoclave for 2 hours at 145° and for 14 
hours at rs50°. The alcohol was driven off and the residue extracted with 
ether, washed with sodium bicarbonate and distilled. A small quantity 
of a liquid, which decolourised bromine immediately, was obtained, b.p. 
156°/r mm., while the rest decomposed. (Found: C, 73.4; H, iru. 
CooHs3,O3 requires C, 73°6; H, 11°6 per cent). 

A®-Hexadecene-1: 16-dicarboxylic acid (homocivetic acid) was 
obtained by the- hydrolysis of ethyl homocivetate (2°5 g.) with methyl 
alcoholic potassium hydroxide (1 5 g. in 15 c.c.). 

It crystallised from ethyl acetate, .p. 102°5°-103'5°. (Found: C, 
686; H, 95. CisHs,V0, requires C, 69°2, H, 102 per cent). 

Ethyl 16-Cyano-A°-hexadecenoate.—The crude iodo-ester (zo g.) was 
refluxed with a solution of potassium cyanide (1°8 g.) in alcohol (95%, 
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go c.c.) for 3 hours. ‘The alcohol was evaporated off and the product was 
extracted with ether and distilled, b.p. 190°/r mm., yield o'15 g. It is 
waxy and decolourises bromine immediately, (Found: N, 4°6. CisH3s0.N 
requires N, 4°56 per cent). 

Ethyl 16-Phenoxy-A*-hexadecenoate.—A solution of the jodo-ester 
(xo g-) in hot alcohol was added to a solution of sodium phenate in alcohol 
(sodium, 0'56 g. ; alcohol, ro c.c.; phenol, 2.3 g.) and the mixture heated 
under reflux for 5 hours. On cooling the whole of the mass solidified. The 
alcohol was evaporated off and the residue was extracted with small quan- 
tities of ether. The ether was evaporated off and the residue distilled at 
233-37°/3 mm., when a waxy solid, mp. 41-43°, was obtained. It de- 
colourises bromine immediately. (Found: C, 77°6; H, 9°68. CyH3s0 
requires C, 77°0; H, 10°16 per cent). 

16-Phenoxy-A°-hexadecenoic acid was obtained by the hydrolysis of 
the above ester at the ordinary temperature with a 20% solution of potassium 
hydroxide (3 mols.) in methyl alcohol. After allowing to stand for 5 days 
the solution -was acidified. The acid crystallised from ethyl acetate, 
m.p. 59°. 

We are grateful to Dr. H. K. Sen, Director, Indian Lac Research 
Institute, Ranchi for the gift of shellac necessary for this investigation. 
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IRON-IRON OXIDE ELECTRODE FOR ACID-BASE 
POTENTIOMETRIC TITRATIONS AND FOR 
H-ION CONCENTRATION 
DETERMINATION. 


By BuaratT Ram AGARWAL AND J. B. Ja. 


Tron electrode was tried by McAulay and White (J. Chem. Soc., 1930, 
194) for the determination of H*ion concentration. His results were 
irregular especially beyond pz 7 i.e., in the alkaline solutions. 

As iron is one of those elements not attacked by alkalis, it was thought 
desirable to study the same for its use in alkaline as well as acidic solutions. 
The electrodes studied were really iron-iron oxide electrodes prepared by 
various methods. Those found more satisfactory are given below :— 

(i) Iron oxide was deposited on a mild steel wire by treating it with 
fuming nitric acid (d 1°4) and subsequently boiling with distilled water 
for an hour and keeping in dilute acetic acid fora day. The electrode 
prepared in this way attained a steady potential within a few minutes when 
placed in a M/5-potassium hydrogen phthalate solution. To maintain the 
potential the wire was left in dilute acetic acid which was found to be quite 


satisfactory. 


Tasre I. : 
Time. EM. F. Time. E. MF. Remarks. 
o min ~0°635 volts 20 min. —0°641 Electrode attains 
stability in abont 
2 —0'640 30 —o0'641 two minutes. 
5 —0°641 60 ; —0°641 
10 —0°641 120 —0'64r 


Titration curves with a buffer solution (Britton dnd Robinson straight 
line buffer) are shown in Fig. 1. 

Acid base titrations can be easily performed by iron-iron oxide electrode 
as an indicating electrode. #. M. F. changes along with burette readings 
are shown in Fig. 2. It may be noted that the alkaline solution was added 
from the burette so that the electrode was always in contact with an acidic 
solution throughout the titration. 

Another electrode that was tried and found satisfactory was 
prepared by depositing iron electrolytically on a platinum wire from an 
iron ammonium citrate solution. The deposited layer was oxidised by 
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putting itin strong nitric acid for five minutes and then washed with 
distilled water. 


The titrations curves (i) with Britton and Robinsons’ straight line 
buffer solution and (ii) acid base titrations are shown in Figs. 3 and 4. 
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It is noteworthy that the titration curves show a break in the neighbour- 
hood of psx 7 in both the cases. 

The relationships observed from a large number of titrations for a mild 
steel wire oxidised with (i) nitric acid and (ii) electrolytically deposited 
iron over platinum wire are given below 

R= —0'4965 ~0'0383 (po) at 25". Eye +0527 —o0'0714 (pa) at 25°. 
Eg= -0'721 —o*’006r (fu) at 25°. Hye +0237 —0'0337 (px) at a5*. 

The end-point in acid base titrations was shown by a break in the 
curve and not by an inflexion point. 

In alkaline solutions the electrode is not of much use. - 

Our thanks are due to Principal H. Krall and Prof. B. L. Vaish for 
their active interest in the work. 
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STUDIES IN THE CYCLOPENTANE SERIES. PART II. 
EXPERIMENTS TOWARDS THE SYNTHESIS OF 
WIELAND’S C,,-ACID IN PROPER 
STEREOCHEMICAL FORMS.* 


By PHANINDRA CHANDRA Dura. 


A method for the synthesis of 3-ethoxy-8-(1:5-dimethylhexyl)-a-methylvaleric acid 
is described. 

In continuation of the earlier communication (Dutta, J. Indian Chem. 
Soc., 1940, 17, 611) the following experiments have been performed to 
complete the synthesis of Wieland’s C,,-acid (Z. physiol. Chem., 184, 276; 
2146, 91) and as a preliminary to it the acid (I) has been synthesised. From 
this acid by following the method developed in part I an acid of the constitu- 
tion (II) is expected with the carboxyl groups in the ttans position, i.c., 
same as that in the C,,-acid. 


R Me R 
>cu—ca¢ CH Me 
CH; CO,H. CH, “C 
O,H, 
CH,’ OEt CH,—CH’ CO,H 
(I) (11) 


The isopropyl group in (II) can be oxidised by chromic acid according 
to the well known method of Windaus (Z. physiol. Chem., 117, 146; 126, 
277) to give the desired tricarboxylic acid (I). Attempts have been made to 
prepare the ketone (III), the acid chloride (IV)'and the ketone (V) which 
might be utilised for the synthesis of (I). 

The action of methylheptyl magnesium iodide on ethoxyethyl cyanide 
leads not to (III) but toa hydrocarbon. The formation of Grignard’s reagent 
from ethoxyethyl iodide is also abnormal. 

The acid chloride (IV) can not be prepared by the action of thionyl] 
chloride and pyridine on the corresponding acid as the lactone (VI) is formed. 
To prepare this acid, methylheptyl iodide has been condensed with malonic 


+ A preliminary note appeared in Science and Culture, 1941, 7, 316. 

A series of unsuccessful or incomplete attempts are recorded in literature, ¢.g. Baker 
(J. Chem. Soc., 1931, 1546; 1933, 81x, 815; Bardhan, Science and Culture, 1937, 3, 
654; Banerjee, ibid , 1938, 8, 678. 
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R Re R 
Nco Ner-coct CH'COMe 
we | CH, . 
cH, CH, a ; 
CH,'OEt CH,'OEt CH,'OEt 
(1) (IV) + (V) 
g Amyl alcohol+Na 
&® 
3 
R R—CH—CN R Me 
»cH—Co 7 cuca 
— | CH, CH, OH 
CH;——0 eae CH,'OEt 
(V1) (VI) (VId1) 
(I) 
Me Me 
R / R / 
>cH—CH cH-CH 
CH, ue CH, 
| : 
——, CH,‘OEt 
.(X) (IX) 


In all these formulae 


Me 
R= cad Me 
CH,'CH,'CH,'CH Re 
e 


ester in presence of sodium ethoxide and ethoxyethyl residue has been 
introduced through the potassium derivative in xylene solution. This has 
been hydrolysed to the half ester by heating with an excess of concentrated 
potassium ethoxide solution (Marshall, J. Chem. Soc., 1931, 2337) and the 
second ester group has been hydrolysed by the addition of the calculated 
quantity of water and heating on the water-bath (Claisen, Ber., 1905, 38, 703). 
The dicarboxylic acid is decarboxylated. The successive replacement of the 
hydrogen atoms of acetoacetic ester with the heavy substituents methylheptyl 
and ethoxyethyl in order to produce (V) shows that in whichever order the 


condensation is attempted, the second condensation does not take place. 


STUDIES IN THE CYCLOPENTANE SERIES 81 


The ketone (V) has, however, been obtained by the action of magnesium 
methyl iodide under the conditions described by Feiser (J. Amer. Chem. Soc., 
1936, 88, 1444, 2482) on the nitrile (VII), which has been prepared thus: me- 
thylheptyl iodide ‘has been reacted with cyanoacetic ester in presence of sodium 
ethoxide with very good yield and the product condensed with ethoxyethyl 
iodide in presence of potassium in xylene solution. Partial hydrolysis of 
the disubstituted cyanoacetic ester has been carried out quantitatively by 
methyl alcoholic potash and on decarboxylation on heating, the substituted 
” nitrile (VII) has been obtained in good yield. : 

Attempts to prepare the cyanohydrin from this ketone (V) with liquid 
hydrocyanic acid having failed, it was reduced with amyl alcohol and 
sodium. The secondary alcohol (VIII), isolated in. the usual way, was 
converted into chloride with thionyl chloride and pyridine. Replacement 
of the chlorine atom with iodine by boiling with sodium iodide in alcoholic 
solution leads to the elimination of hydrogen chloride with the formation 
of the unsaturated compound (IX). The same.compound was also obtained 
while attempting to replace the chlorine atom with cyano group. The 
desired acid (I) has been obtained through the action of carbon dioxide 
on the Grignard’s complex from the chioro compound, The acid has been 
purified through its ethylester. It is observed that when the concentration 
of the sulphuric acid in esterification is increased, the ester is contaminated 
with the lactone (X). : 

It was expected that this acid (I) should lead to the lactone (X) by 
the action of pyridine and thionyl chloride and from this lactone, the 
dibromo ester, necessary for the formation of the cyclopentane ring, will 
be easily obtainable. This method has, however, led to a neutral product 
containing halogen and having a higher boiling point than is expected of 
this lactone. The reaction might have proceeded abnormally (cf. J. Amer. 


Chem. Soc., 1941, 68, 2488) and the product has not been further 
investigated. 


ExPHRIMENTAL. 


Ethyl (1:5-Dimethyl)-hexylacetoacetate—To a well cooled solution 
of sodium (16 g.) in alcohol (220 c.c) was added with shaking a mixture 
of acetoacetic ester (96 g.) and methylheptyl iodide (158 g.). After 
allowing it to come to the room temperature ard then refluxing on the 
water-bath for 24 hours, it was decomposed with ice and acid. It was then 
extracted with ether and washed with sodium bicarbonate, dried and 
distilled at 122°/4 mm., yield 105 g. It had a characteristic smell. (Found: 
(, 69°53 H, 10°5. CrHaeOs requires C; 69°4; H, 10°7 per cent), 
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Ethyl 8-Ethoxyethyl-(1:5-dimethyl)-hexylacetoacetate.—Methylhepty] 
acetoacetic ester (50 g.) was added drop by drop with thorough shaking 
to an ice-cold suspension of finely powdered potassium (8 g,) in xylene. On 
standing overnight a clear solution was obtained. To this ‘was added 
ethoxyethyl iodide (45 g.) with shaking. After heating the mixture on 
the water-bath for 12 hours, it was refluxed for 24 hours in an oil-bath at 
160°. It was then decomposed with ice and thoroughly washed with acid 
and alkali. After removal of xylene, a small quantity of the high boiling 
residue was left. This was distilled and two fractions were collected, one 
boiling at 138-42°/3'5 mm. and the other boiling at 158-60°/3 mm. ‘The 
former fraction (2°3 g.) on analysis was found to agree with the theoretical 
values and did not give any ferric chloride colouration. (*Found: C, 
68°46; H, 10°8; CisHs.O, requires C, 68°76; H, 10°8 per cent). 

Ethyl (1:5-Dimethyl)-hexglmalonate.—It was prepared in the usual 
way by allowing malonic ester (45 g.) to react with methylheptyl iodide 
(45 g-) in alcoholic sodium ethoxide solution (4°5 g. sodium and 80 c.c. of 
alcohol), ‘he reddish solution was decomposed with ice and hydrochloric 
acid and extracted with ether. The ethereal soiution was dried and distilled 
at 128°/4 mm., yield 39 g- (Found: C, 65°7; H, 9°96. C,sH2s0, requires 
C, 66°1; H, ro‘2 per cent). 

Ethyl (1:5-Dimethyl)-hexyl-B-ethoxyethyl malonate —To finely pow- 
dered potassium (5'x g.) under xylene was added with shaking methyl- 
heptyl malonic ester (37 g.). The foimation of the potassium salt was 
complele on standing overnight. Next it was treated with ethoxyethy] 
iodide (30 g.) drop by drop. It was heated on the water-bath for 6 hours 
and for 4o hours again at 150° in the oil-bath. ‘The solution was worked 
up in the usual way and the residue, left after removal of xylene, was 
distilled 150-65°/5 mm. ‘This on redistillation passed over Tat 3154-58°/5 
inm., yield 22 g. Very careful fractionation was necessary to remove low 
boiling fractions. (Found: C, 66°36; H, 10°32. CisHs,0, requires C, 
66°2; H, r0’4 per cent). 

(x:5-Dimethyl )-hexylbuty1olactone (VI ).—The above disubstituted 
malonic ester (26 g.) was-treated in the cold with an alcoholic solution of 
potassium (9°5 g.) in alcohol (65 c.c.). It was allowed to stand overnight 
and then heated on the watei-bath for 24 hours. Water (4°5c.c.) was then 
added with shaking and then heating under reflux was.continued for another 
24 hours. ‘This time crystalline potassium salt separated. The second ester 


* Microanalysis by Mr, N. N, Ghosh. 
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group was hydrolysed by adding water (4°5 c.c.) and heating for another 
12 hours. On addition of water, a clear reddish solution was obtained.and 
this was thoroughly extracted with ether to remove any diester, if any, 
from the solution. ‘The aqueous solution was strongly acidified whereby 
a heavy oil separated on the surface. It was extracted with ether. The 
residue, left after the removal of ether, was gradually heated to 220° and 
kept at that temperature for 1 hour until there were no visible: signs of 
evolution of any gas. It was cooled and a solution of soditim carbonate 
was added. The alkaline solution was again extracted with ether to remove 
any mono-ester and the aqueous portion was again acidified with hydrochloric 
acid, when a heavy oil separated on the surface. It was extracted with 
ether- and on evaporation of ether the residual oil was decolourised 
with animal charcoal in petroleum ether solution when a mobile oil (15 g.) 
was obtained having a slight yellowish tinge. ‘This was thoroughly dried 
and dissolved in benzene and was treated with pyridine (5°3 g.) and thiony] 
chloride (6°5 c.c.) at low temperature. It was allowed to stand in ice 
overnight and at the ordinary temperature for 24 hours. Next the clear 
upper layer was decanted off and distilled when a mobile oil was obtained 
boiling at 126°/5 mm. having a milky appearance, yield 10g. It was 
poured into water and charcoaled when a clear sweet-smelling mobile oil 
was obtained at 125°/4mm. ‘The oil was found to be insoluble in sodium 
carbonate, but soluble in dilute sodium or potassium hydroxide solution 
from which it could be regenerated by acidification. From concentrated 

‘ alkaline solution, sodium or potassium salt separated. (Found: C, 72°86, 
72°7; H,10°7, 10°7. CysHasO requires C, 72'7; H, 11°x per cent). 

Ethyl (x:5-Dimethyl)-hexylcyanoacetate.—A mixture of cyanoacetic 
ester (30 g.) and methylheptyl iodide (45 g.) was added to a solution of 
sodium (4°8 g.) in alcohol (95 c.c.). On refluxing on the water-bath for 12 
hours, the red solution was decomposed with ice and the ethereal solution 
was washed with. acid and alkali. On working up in the usual way the 
cyano ester was obtained, b. p, 125°/5 mm. yield 34°3g¢. (Found: N, 6°6. 
Ci3H430,N requires N, 6°2 per cent). 

Ethyl B-Ethoxyethyl-(1:5-dimethyl)-hexylcyanoacetate.—Methylhepty] 
cyanoacetic ester (34 g.) was added to potassium (5°7 g.) under xylene at 0° 
drop by drop. On standing overnight a clear solution was obtained. This 
was cooled in ice and to this ethoxyethyl iodide (35 g.) was added. with shakin g. 
The mixture was allowed to stand in ice for 4 hours and at the ordinary 
temperature for another 4 hours.. Next it was heated on the water-bath 
for 12 hours and in an oil-bath at 160° for 16 hours. ‘Tke solution was ifen 
decomposed with ice and acid, ‘The xylene solution was dried and distilled 
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at 160-170°/7 mm. On redistillation, it passed over at 165°/71mm., yield 
36g. (Found: N, 571. CirHs,0,N requires N, 4'7 per cent). 

(1:5-Dimethyl) hexyl- B-ethoxyethylacetonitrile (VIJ).—Methyl alcohol 
(x50 c.c.) and the above ester (60 g.) were added to a solution of potassium 
hydroxide (12 g.) dissolved in the smallest quantity of water The mixture 
warmed up and after thorough shaking it was allowed to stand overnight. 
Next day it was heated on the water-bath for 5 hours. After cooling the 
mixture was saturated with carbon dioxide. Methyl alcohol was evaporated 
off and then water added. Traces ot neutral matter were removed with ether 
and the cyano-acid isolated by extracting the acidified solution with ether. 
The solvent was removed on the water-bath and on heating the residue to 
220°, carbon dioxide was evolved. Decarboxylation was complete within 
an hour. ‘he nitrile, thus obtained, distilled at 127°/5 mm, yield 36 g. 
(Found: N, 6°6. CysHs1ON requires N, 6°2 per cent). 

Methyl o-(1:5-Dimethylhexyl)-y-ethoxypropyl ketone (V).—The above 
nitrile (22 g.) in dry benzene (100 c.c.) was added all at once to a warm 
solution of methyl magnesium iodide from magnesium (4°8 g.) and methyl 
iodide (15 ¢.c.) containing benzene. After heating on the water-bath 
for 8 hours it was poured into ice, when a white crystalline solid separated 
jn addition to magnesium hydroxide. After addition of hydrochloric acid, 
it was refluxed for 4 hours and then subjected to steam distillation. ‘The 
distillate and the residue 1n the flask were extracted with benzene and on 
working up in the usual way, a clear mobile oil having a characteristic 
smell was obtained boiling at 118°/4 mm. No semicarbazone could be 
prepared from this ketone and it gave a very slight test for nitrogen. 
(Found: C, 75°33 H, 12°0. CisHs0O3 requires C, 74°4; H, 12°4 per cent). 

a-Ethoxy-y-( 1: 5-dimethylhexyl )-8-hydroxypentane  ( VIII ).—The 
above ketone (18 g.) was dissolved in dry isoamyl alcohol (225 c.c.) and 
sodium (18 g.) was added. ‘The mixture was heated until the whole of it 
had gone into solution (about 5 hours). It was diluted with water, amyl 
alcohol distilled in steam, and the cold solution was extracted with ether 
and the ethereal extract washed with water and dilute hydrochlorie acid. 
Finally it was dried and distilled at 126°-30°/4 mm, as an oil having a 
rather unpleasant smell, yield 12 g. (Found: C, 73°7; H, 13'x. CysHs20, 
requires C, 74°x ; H, 12’9 per cent). 

a-Ethoxy-y-(1:5-dimethylhexyl)-8-chloropentane——A benzene solution 
of the above alcohol (12 g.) was treated with pyridine (4 g.), thionyl chloride 
(5 c.c.) in the cold. On standing overnight the mixture was refluxed on the 
water-bath for 3 hous On working up in the usual way, it passed over 
at 122-24°/5 mm., yield 12 g. It contained little sulphur which was removed 
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by. refluxing with precipitated copper. .(Found: Cl, 12°8. C,,H;,0Cl 
requires Cl, 13°56 per cent). 3 . 

a-Ethoxy-y-(1:5-dimethylhexyl)-A’-pentene (IX).—(a) ‘The above 
chloro compound (12 g.) was heated with mercuric cyanide (24 g.) on the 
water-bath for x hour. There was no reaction. Next it was heated in 
an oil-bath for 3 hours at 160-70°. ‘The substance gradually turned brown. 
After extraction with benzene, it was finally distilled in vacuo when a 
clear mobile oil boiling at 94°/5 mm. was obtained, yield 6g. During 
the latter part of the distillation, volatile mercury compounds began to 
distill which were removed with hydrogen sulphide in benzene solution. 
(Found: C,-79'16; H, 13.0. CysHs.O requires C, 79°67; H, 13'2 per cent). 

(b) The above chloride (22 g.) was refluxed on the water-bath with 
sodium iodide (26 g.) and alcohol (25-c.c.) and water (1 c.c.) for 24 hours. 
The mixture gradually became homogeneous. After 24 hours, further 
alcohol (25 c.c.) was added and the heating continued for another 6 hours. 
On working up in the usual way, it was found that almost the whole of 
the product passed over at 95°-103°/6 mm., yield 16 g. 


8-Ethoxy-B-(1 : 5-dimethylhexyl)-o-methylvaleric ‘Acid (1).—A mixture 
of the above chloride (15 g.) in ether (15 c.c.) was added to a mixture of 
magnesium (2°6 g.) in ether (30 c.c.) containing methyl iodide (3 c.c.) at such 
a rate that the vigour of the reaction was maintained. After the reaction 
was over, it was refluxed on the water-bath for 3 hours and a current of dry 
carbon dioxide was passed for 2 hours into the mixture cooled with a freezing 
mixture. The temperature was kept during this period below —10°. 
‘There was a separation of two layers and the mixture was decomposed with 
ice-cold sulphuric acid. The ethereal extract was separated and washed | 
with a dilute solution of potassium hydroxide. On acidifying the alkaline 
solution an oil separated having a slight rancid odour. It was extracted 
with ether and on removal of the solvent, it was dried in vacuum, yield 
‘s'5 g.. The above acid (2°5 g.) was esterfied with a mixture of alcohol 
(25 c.c.) and sulphuric acid (1°5 c.c., d 1°84) for 12 hours on the water-bath. 
On working up in the usual way, the substance boiled at 150-55°/7 mm., 
yield 2 g. (Found : C, 71°7, 72°1; H, 12°6, 11°7. CisH3.0, requires C, 72°; 
H, 12’0 per cent). 

he above acid (zo g.) was esterified with alcohol (50 c.c.) and sulphuric 
acid (7 c.c., d 1°84) for 12 hours. On working up in the usual way, a 
product was isolated (8 g.), b.p. 151-55°/6 mm. ‘This on analysis was 
found {o consist of a mixture of the ethyl ester and the corresponding 
lactone arising from de-ethoxylation. The latter lactone was not appreciably 
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soluble in cold alkali. (Found: C, 73°3; H. 11°3 CygHseQs requires C; 
72.0; H, 120. C,H ,.O, requires C, 74°3 ; H, 11°4 per cent). 


In conclusion, my grateful thanks are due to Prof. R. C. Mitter, Palit 
Professor and Head of the Department of Chemistry for his valuable sug- 
gestions and kind encouragement during the course of these investigations. 


My thanks are aiso due toSirP.C. Ray for his kind interest in this 
work. 


Sir T. N Parit LABORATORIES, AND 
Sir P. C Ray FRLLOW'S LABORATORY, Received November 24, 1941 
UNIVERSITY COLLEGK OF SCIENCE AND 
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A NOTE ON THE VOLUMETRIC ESTIMATION OF LEAD. 


By Parges CHANDRA BANERJEE. 


Lead iodate, as is well known, is sparingly soluble in water. Alfred 
and Coolbaugh (J. Soc. Chem Ind., 1873, 6, 398) worked out a process for 
the volumetric estimation of lead based upon the precipitation of lead from 
its solution after slightly acidifyiuig it with nitric acid, with a solution of 
potassium iodate and then boiling for a few minutes. The precipitate of 
lead iodate after filtration is dissolved in dilute hydrochloric acid and then 
titrated in the presence of chloroform with a standard solution of ammonium 
thiocyanate to the first appearance of violet colour in chloroform. This 
method, however, suffers from the drawback that small amount of lead 
iodate tends to pass into solution in time of -washing out the excess of 
potassium iodate. cone 


’ To avoid the loss of lead iodate during washing the metal -has been 
precipitated by the author as iodate with a moderate excess of a standard 
solution of potassium iodate excess of which is determined iodometrically 
by titrating with sodium thiosulphate. The volume of the precipitated lead 
iodate may seem to cause some error, but this is negligible as the density 
of lead iodate is 5°4 and its volume never exceeds o’r-0'2 c.c. 


ExPpPHERIMENTAL 


Lead nitrate (28°2921 g.) pwiified by recrystallisation were dissolved 
in water and the solution made up to one litre. Its strength was also 
determined by estimating its lead content as sulphate. A known volume 
of this solution was taken in a 100 c.c. flask and was diluted with water to 
about 25 c.c. A measured volume of standard potassium iodate solution (N) 
was added drop by drop from a burette with constant shaking till 
complete precipitation. Then a few c.c. more of potassium iodate varying 
from x to 10 c.c. were added. ‘The mixture was then made up to roo c.c., 
cooled in ice and filtered and in an aliquot part of the filtered solution, excess 
of iodate was determined by titrating with a standard solution of thio- 
sulphate. ‘The results are given in the following table. 
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1C.c. of N/10-KIOs, soln.=0'01726g. of Pb. Na,S,O5 soln.=0'9961N/ro. 
1 C.c. of Pb (NOs)3 soln. =0'01766 g. of Pb. 


Ama@unt of Pb 
Pb (NOg)¢ soln. KIO; added. NagS,03 reqd. by Found Calc. 


excess of KIOs. 


TO c.c. 2 ce. 18'0 ¢.c. 0'1762 g. oO 1766 g. 
10 12 17'0 0'1765 » 

oO 20 98°0 0°1767 ” 

10 20 98°4 0°1760 > 

20 25 45°2 0°3538 0°3532 
20 25 45°6 0 3531 ” 

20 22 16°6 0 3511 ” 

20 25 46°7 0°3513 n 

Io 12 18°15 01758 0° 1766 


In the last three determinations lead was precipitated from the hot 
solution in presence of nitric acid according 1o Alfred and Coolbaugh’s 
method. 

Cuumcar, LABORATORY, Received November 11, 1941. 


Tan Unrversiry or Dacca, 
Dacca 


REVIEW 


Recent Advances in Enzymology and- Related Subjects, Epirep sy 
F. F. Norp fanp C. H. I. Werxman. PusiiseD sy INTERSCIENCE 
PUBLISHERS L'D., NEw YORK, 1941. Pp. 484. Price $5'50. 


During the last two decades the frontiers of our knowledge of enzyme 
chemistry are being pushed forward so rapidly by armies of investigators 
all over the world, that it has become difficult to get a unified picture from 
a reading of the original papers. As early as 1932 the Akademische Ver- 
tagsgesselschaft of Leipzig recognised the difficulty and started the publica- 
tion of the series of Ergebnisse der Enzyme forschung. ‘The series now 
started by the American firm, the Interscience Publishers Ltd., has a similar 
purpose, that is, to provide a medium of publication in which significant 
discoveries in enzymology are presented in a more comprehensive and 
unified fashion than is possible in regular journals, by authors who have been 
closely identified with this development. 


The volume under review appropriately opens with a chapter on protein 
structure by H. Bull. During recent years some enzymes have been crys. 
tallised and characterised as proteins, while others such as the oxidation 
enzymes have been shown to consist of a protein moiety and an active 
prosthetic group. ‘The protein is often uniquely fashioned for its specific 
purpose. Hence the study of protein structure is of special importance 
in the study of enzyme chemistry, In PartI the author gives a review of 
the evidence for the peptide linkage being the only important co-valent 
chemical bond connecting the amino-acid residues. The second part deals 
with the fibrous proteins and the third part summarises our knowledge con- 
cerning the structure of globular proteins. In this section, one finds a 
summary of the work of Mayer and Mark, Astbury and collaborators, 
Wyckoff and others on the X-ray deffraction patterns of silk fibroin, keratins 
and the collagens reipectively. We also find an adequate account of the 
work of Wrinch (1938), who has been noted for her application of mathe- 
matics to biochemical problems. Her “‘cyclol-cage’’ structure theory of 
globular proteins has served a worthy purpose, that of stimulating thought. 
This chapter also includes an excellent summary of the work on the 
mechanism of denaturation of globular proteins The chapter on proteinases 
is written by Max Bergmann and J. S. Fruton who are well known for 
their pioneer work on the hydrolysis of synthetic peptides and dipeptides 
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derived from many kinds of amino-acids. Much valuable information has 
been gained from such studies regarding (r) the nature of linkages split 
by proteinases, (2) the specificity of proteinases, (3) kinetics of proteinase 
activity and (4) the activation of proteinases such as papain, bromelin etc. 
This chapter gives a review of the above mentioned developments which 
among many others lead to one fundamental result that of the discarding 
of the traditional classification of proteolytic enzymes into proteniases and 
peptidases. : 

James B. Sumner, the wizard of enzyme purification and crystallisation, 
has contributed a short account of the chemical nature of crystalline catalase 
and of the prosthetic groups contained therein. The chapter also deals 
with the present position regarding our knowledge of the mechanism of 
catalase action; the views of Haber and Willstatter (1931), Stern (1939) 
and of Keilin and Hartree (1939) are adequately discussed. A brief mention 
has also been made of the 1ecent work of Tria on the immuno-chemistry 
of catalase. 

Particular attention may “be drawn to the chapter on ‘‘ Enzymes and 
‘Yrace substances” in which D. E. Green develops the thought-provoking 
idea that any substance which occurs in traces in the living cell and which 
is necessary in traces in diet must be either an essential part of some enzyme 
or enzyme itself. Vitamins, trace elements like copper, cobalt, manganese, 
zinc, and magnesium, and hormones are according to Green very possibiy 
the enzymes or prosthetic groups of enzymes. The identification of the anti- 
neuritic, autiblack tongue, and Be growth vitamins with thiamine, nicotinic 
acid and flavin, which form the prosthetic groups of oxidation enzymes, has 
helped to dovetail the field of animal nutrition with that of physiological 
function. The author also makes a fruitful suggestion concerning the mecha- 
nism of the action of many drugs which act at trace concentrations. The 
belief is expressed that the physiological activity of the drugs is due to their 
influence on certain specific enzyme systeins. 


The chapter on ‘‘Metabolic generation and utilisation of phosphate 
bond energy ’’ by Fritz Lipmann gives an account of the recent discovery 
of phosphate bonds as energy carriers in various metabolic processes. For 
a long time since the classical work of Harden arid Young it was considered 
that the 1ole of phosphate is essential to facilitate the breakdown of various 
metabolites by phosphorylation. It is only very recently that a more 
fundamental and subtle role for phosphate has been recognised. ‘The 
phosphate bond often serves asa trap for the energy liberated’in various 
metabolic processes and the trapped energy is later on released and utilised 
for essential purposes of the living cell. 
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In chapter ITV von A. I. Kurssanov has given an able summary of 
the enzymatic processes in plants and their influence on the growth, draught 
resistance, nutritiopal requirements, etc., of plants. 

Chapter VII, by J. Franck and H. Gaffron, deals with recent work on 

phostosynthesis, its facts and interpretations. Because of its fundamental 
importance to life and civilisation the photosynthetic reaction has attracted 
the attention of numerous able chemists, botanists and physicists for over 
two centuries, but our knowledge of the mechanism of the pkotosynthetic 
reaction and the energy conversion involved therein is still obscure. Vet, 
the alluring quest is never given up. During the last decade, much work has 
been done on the quantum yield of the process, the fluorescence phenomena 
in “green plants, induction period in photosynthesis etc. Till very recently 
it was thought that Warburg and Negelein (1922) have set the final seal 
on the question of quantum yield. Their result of 4°4 quanta of red light 
per molecule of carbon dioxide assimilated has been recently challenged by 
Manning, Stauffer, Duggar and Daniels (1938), Emerson and Lewis (1940) 
and others who found an average of 12 quanta for the reduction of one 
. molecule of carbon dioxide. 
In Chapter VIII, C. B. Van Niel gives a summary of the intensive 
' work carried out during the last decade on photosynthesis by the green 
and purple sulphur bacteria and discusses the importance of these results 
for the general probiem of photosynthesis in green plants. Van Niel 
gives a detailed exposition of the rather novel idea, he has developed, that 
-the photosynthetic reactions in green plants’ and bacteria are only special 
cases of a more general reaction namely the photochemical carbon dioxide 
reduction with simultaneous dehydrogenation of some substance H,A (water 
in the case of green plants, hydrogen sulphide, sulphur, sulphite, or 
thiosulphate in the case of sulphur bacteria). 

The volume under review contains two other chapters, one by Luise 
Holzapfel on ‘‘ Physikalische gesichts punkte zum problem der Virus 
activitat ’’ and the other on ‘‘ Die Verdauung bei den niedervertibraten.”’ 

The publishers have conferred a great boon on the scientific public 
by the issue of this volume at a time when we are enveloped in an inter- 
national crisis which has subjected scientific research to the gravest inter- 
ruption and original thinking to the greatest distraction. 
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POSSIBILITIES OF THE PLASTIC INDUSTRY IN INDIA.* 


By Prog. Sir S. S. Buatnacar, Kt., O.B.E., D.Sc., F.I.C., 
F.Inst.P., F.N.1. 


India with her vast natural resources and splendid man-power occupies 
a rather insignificant position industrially even now. Particularly appalling 
is the situation with respect to the plastic industry whose rise has justly 
resulted in the present age being called as the plasticage. Last yeara 
feature of more than ordinary interest was the opening of ‘‘ Plasti-City’’ a 
plastic exhibit, in Washington, sponsored jointly by the Chemical Division 
of the Department of Commerce in America and the staff of the~famous 
magazine—the Modern Plastics. Every phase of American-life from house- 
hold appliances to national defence preparations was represented in the 
exhibition. Clothes made from plastics, interior designs and decorations 
for architectural purposes, plastic applications in the aeronautic and 
automobiles as well as a whole variety of sporting goods and accessoties, 
raw materials, moulding powder, rods, tubes, sheets and pre-forms were 
the special features of the show which established beyond doubt the great 
future of this new and interesting industry. 
Just as the dyestuffs industry deals with naturally occurring dyestuffs 
“and synthetic dyes, so can this industry be divided into two parts, namely, 
naturally occurring resins and synthetic resins. Although the present 
usage has developed mostly in the form of synthetic resins, as uniformity 
of ‘product is guaranteed in the synthetic field, there is no doubt that more 
and more attention will be paid to naturally occurring resins owing to the 
varying types of uses to which these resins can be put when modified by 
suitable chemical and physical processes. 
Amongst the synthetic resins may be mentioned the following :— 
A. CONDENSATION POLYMERS : 
Resinox, bakelite, durez 
Beetle or plaskon. 
Melamine resin. 
Nylon. 
Beckoso], glyptal, duraplex. 
Atmberol, beckacite maleic resins. 


Paraplex. 
Thiokol. 


' 
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* Address at the 18th dnnual general meeting of the Indian Chemical Society, 
held in Baroda in January, 1942. : 
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B. LINgAR POLYMERS : 


Styron. 

Cumar, picco, nevindine. . 
Vistanex. 

Acryloid. 

Lucite, crystallite. 

Gelva, vinylite A. 

Polyvinyl alcohol. 

Butvar, butacite, vinylite XYSG. 

Koroseal. = 
Saran. 

Neoprene. 

iz. BanaSs. 
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C. Co-PoLyMERS : 


i. Vinylite V 
2. Acryloid. 
3. BunaS. 

4. Perbunan. 


1. Resinox, bakelite and durez are prepared by the condensation of 
phenoi and its homologue with formaldehyde, the former being obtained by 
the interaction of benzene with chiorine and the hydrolysis of chlorobenzene 
to produce phenol. 


2. Beetle or plaskon types of resins are obtainéd by suitably reacting 
carbon dioxide gas and ammonia gas to form urea which in turn is con- 
densed with formaldehyde. 

3. When nitrogen is passed over calcium carbide under suitable 
conditions, calcium cyanamide is obtained, and from this compound, 
cyanamide and melamine are produced. The latler is used as a raw 
material for several types of melamine resins, such as shellac-melamine 
resins and those foimed by condensation with formaldehyde. 

4. The raw material necessary for the production of nylon, which 
has found the most recent application in the textile industry and which 
might replace the very popular natural silk fibre, is phenol. Various types 
of nylons can be obtained depending on the type of acid obtained or 
employed during the reaction, such as adipic, sebacic acid etc. 

5. Naphthaleneis the starting material for the production of resins 
such as glyptal, beckosol and duraplex. When naphthalene is oxidised 
by air, it forms phthalic anhydride. ‘This anhydride when interacted with 
amixture of glycerme and linoleic acid forms the type of resins mentioned 
above. 
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6. Similarly when benzene is oxidised by air, it forms maleic anhydride. 
‘This in turn when reacted with a mixture of glycerine and abietic acid, 
forms amberol,.beckacite and maleic resins. 

7. Castor oil on dry distillation with sodium hydroxide forms sebacic acid 
and this acid when suitably reacted with glycerine produces paraplex resins. 

8. Styron, one of the linear polymeric resins, is formed by passing 
ethylene into benzene by which ethylbenzene is formed. This homologue 
of benzene when suitably dehydrogenated gives styrene, which in turn 
forms styron. 

g. Thiokol is produced by chlorination of ethylene, and by reacting 
sodium tetrasulphide with the resultant ethylene dichloride. 

ro. Indene and coumarone, obtained from coal tar distillates, when 
reacted together form cumar, picco and nevindine resins. 

11. isoButane on dehydrogenation forms isobutylene from which 
vistanex resins are obtained. 

12. Acryloid resins are formed from ethylene chlorohydrin by reacting 
it with sodium cyanide. Hydracrylic nitrile is thus formed. ‘This nitrile 
is reacted with ethyl alcohol by which ethyl acrylate is obtained, which 
in turn produces the linear polymerized acryloid resins. 

13. Similarly, when acetone is reacted with hydrocyanic acid, acetone 
cyanohydrin results, which, when interacted! with methanol, forms methyl 
methacrylate, this compound in turn producing lucite or crystallite of 
commerce, ; 

14. Acetylene forms the chief raw material for vinyl resins. The 
linear polymers gelva, vinyliteA, polyvinyl alcohol, butvar, butacite and 
vinylite XVSG are obtained by the combination of acetylene with acetic 
acid to form vinyl acetate, which under the required conditions of polymeriza- 
tion forms these linear copolymeric resins. 

15. A similar type of linear polyvinyl resins are the polyvinyl chlorides, 
which are known in commerce as koroseal, saran and neoprene. Koroseal 
is produced by the combination of ethylene and chlorine gases to form 
ethylene dichloride which, when reacted with sodium hydroxide, forms vinyl] 
chloride. 

16. Buna SS, one of the well known synthetic rubbers, is produced 
by suitable dehydrogenation of butane and its formation is chemically 
expressed as below :— 

CH, ’CH,’CH,’°CH;—>CH,'CH,’CH:CH,—>CH;:CH CH:CH,-> 

Butane. ; Butylene. Butadiene. 


[...CH,' CH:CH’CH,...Ja 
Byng S5 
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17. VinyliteV forms one of the conjoint polyvinyl resins and is 
prepared by mixing the required quantities of vinyl chloride and vinyl 
acetate (see 14) and suitably polymerizing the mixture. 


18. Similarly conjoint acryloid polymers are obtained by mixing the 
required quantities of methyl methacrylate and ethy! acrylate. 


Tie ne Cae er 
.- C=C C=C . C—-C——C—C... 
| | a oN) Suh Re be ed 
H 7 H CO H a H CO 
O-CH, O-C.H; O-CH; O-C,H; an 
Methyl methacrylate. Methyl acrylate. Acryloid. 
1g. 


Another variety of synthetic 1ubber, Buna S, a copolymeric resin, 
is prepaied by the conjoint polymerization of a mixture of styrene and 
butadiene as follows:— 


H #H H H H H H 

| | tte ol I Dee dls Aly IIe 
om + ee senses TO ene 

| 

H H H H H H 
Styrene. Butadiene. = 


Buna S. 
20. 


Perbunan, another variety of copolymeric resins, is prepared by 
the action of sodium cyanide on chlorohydrin by which acrylonitrile is 
made, which when polymerized with butadiene produces perbunan resins. 


As How 


| [ | 
HH 


{ 
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HO-C-C-Cl+NaCN>C-C H H 
> 
H H H CN 
Chlorohydrin. Acrvlonitrile Butadiene. 
en 
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From the above list of the more important resins, one can easily infer- 
' what raw materials must be made available in India before the plastic 
industry can be imtroduced in this country. 

Of these raw materials, perhaps the most important.ones are phenol 
and formaldehyde. Phenols and cresylic acids are produced in reasonable 
quantities by the Bararee Coke Works and the Shalimar Tar Products. 
The plant for the manufacture of toluene, set up by the Tatas, ought to 
result in the further increase of available phenolic bye-products, but these 
industries must be developed still further to enable India to produce 
sufficient phenolic substances. Formaldehyde can be produced from methy] 
alcohol in the dry distillation of wood or it can be synthesised from 
alcohol. As both methyl and ethyl alcohols are available in this country, 
there should be no difficulty in producing the necessary formaldehyde. 
As a result of the impetus given by the Board of Scientific and Industrial 
Research and.Dr. H. K. Seu of the Lac Research Institute, a couple of pilot 
plants is already manufacturing some formaldehyde. It is quite easy to 
multiply these plants which can be constructed locally. Amongst other 
aldehydes, which can be conveniently developed in this country for resin 
manufacture, may be mentioned furfural. We have obtained good yields 
of it from rice husk, but there are many other types of cheap cellulosic 
materials available in India such as water-hyacinth, jute waste etc., and 
it is quite feasible to manufacture furfural cheaply in this country from any 
one of these sources. 

From the point of view of the plastic industry perhaps the next in order 
of importance are those resins which depend on urea, calcium carbide 
and acetylene as the starting materials. For example melamine (see 3) and 
vinyl resius (see 14 and 17) need calcium carbide and acetylene respectively. 
The manufacture of calcium carbide industry in this country is an im- 
portant event. It is gratifying to note that pilot plant work in this 
connection has been completed and my friend Dr. J. C. Ghosh feels that 
it is quite feasible for him to make a ton a day of this material in Bangalore 
itself. Acetylene is an important material not only for the resins but 
for all metal and engineering industries and we hope that the Government 
and the public will see to an early establishment of this industry in India. 
Cheap and abundant supplies of power are the main requisites of this 
industry. Nylon, the fascinating new resin, can be easily developed as 
both adipic and sebacic acid can be readily manufactured in this country. 
The only materials which will have to be developed on the large scale 
are phenolic products. We are already doing laboratory work on the 
production of nylon. The cracking process in petroleum industries, now 
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employed both in Assam and Rawalpindi, can provide starting materials 
for the development of styrene and synthetic rubber products and will 
no doubt engage the early attention of oil companies. . 

Carbon dioxide and ammonia form a set of raw materials for the 
manufacture of urea-formaldehyde resins such as beetle and plaskon. 
Carbon dioxide is readily and plentifuly available in India. Ammonia, 
required in the production of urea, is manufactured at present in limited 
quantities by Messrs. Mysore Chemicals & Fertilizers Ltd. and Messrs. Tata 
Chemicals Ltd. and it is not unlikely that these firms will be able to meet 
the demands made by the plastic industry, if required. Ample supplies 
of glycerine are available in India and the principal firms manufacturing 
it as a bye-product in the soap industry are Messrs. Tata Oil Mills, Messrs. 
Lever Bros. and Messrs. Swaika Oil Mills, Lillooha. 

Itis not for war purposes only that synthetic plastic materials are 
required in India, It is obvious that a country with such large supplies 
of vegetable and cracked oil gases, glycerine and cellulosic matter must 
be deeply interested in the plastic products. The great Jute Industry of 
Bengal and the growing Textile Industry with its cotton waste and the 
short-staple cotton and other fibre cultivators urgently feel the need of 
this industry as without this their bye-products and wastes cannot be suitably 
developed. The boards, the corrugated sheets and the containers, which 
can be made from moulding powders, contain fifty or more percentage of 
this material and fifty per’cent of one of these synthetic resins, 

Tn the absence of the synthetic resins Indian workers have addressed 
themselves to the problem of utilising naturally occurring resin sources 
for various purposes and it would not be out of place to mention some of 
the resins which have been successfully developed already. ‘They are 
as follows:— : 

Lac. 

Casein. 

Resins from bagasse and jute waste. 
Resins from coffee beans 

Resins from oils. 

Resins from oil-seed cakes. ~ 
‘Resins from horn waste. : 
Resins from Sarcostenima Brevistigma. 


PA AREY PH 


Lac RESINS 


Amongst the naturally occurring resins perhaps lac occupies one of 
the most important positiors. It has been used from times immemorial 
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but lac as such suffers from several defects which can be cured by chemical 
and physical treatment. One of the first most important applications 
which stimulated* its export considerably was in the manufacture of] 
gramophone records, which developed during the ‘closing decades of the 
last century. Since then the export trade “has been steadily on the increase. 
This may be regarded as a direct result of the scientific and industrial 
research pursued by a number of agencies interested directly in lac 
production and its consumption. 

The first serious programme of research work in this line was laid down 
by the Indian Lac, Research Institute, Namkum which included agricul- 
tural, entomological, chemical and physical problems. The U.S. Shellac 

’ Importers Association sponsored the New York Shellac Research Bureau 
which was chiefly concerned with problems of the consumers and those 
dealing with standardization of the product. Shellac users in Great 
Britain felt a similar necessity and managed to induce the Indian Lac 
Research Institute to finance and bring into being the London Shellac 
Research Bureau, which has produced some of the most important and far- 
reaching results both in pure and applied fields of lac research. Lastly, 
the efforts of the laboratories of the Director of Scientific and Industrial 
Research may be mentioned, which emphasised the development of lac 
consuming industries in India, a function which had generally taken second 
place as compared with the activities calculated to assist and encourage the 
consumers of lac abroad. 

In the following paragraphs a brief resume of the results of these re. 
searches is presented with a view to indicate how intensive research can help 
to develop new uses for an age old product like lac and keep its demand 
alive inspite of the keen competition presented by a flood of synthetic resins 
now on the market. 

- One of the early pieces of work done at the Indian Lac Research Insti- 
tute concerns the use of accelerators in conjunction with lac, which may be 
looked upon as catalytic agents for promoting the condensation and poly- 
merizing reactions in the resin mass. ‘Thus, small quantities of substance 
such as urea, thiourea, aluminium chloride, oxalic acid, tetrachlorophthalic 
acid, phthalic anhydride, sulphanilic acid, dicyanidamine, etc. etc., when 
added toa lac composition considerably reduce the polymerizing time and 
improve the product. ‘These researches of Aldis have been made the basis 
of moulding powders prepared at the NewYork Shellac Reseaich Bureau 
and of electric bulb capping cement for use in high speed automatic produe- 
tion. The results of this work have proved useful in a number of other 
industries as well, where lac need be hardened. i 
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One of very first pieces of work of the London Shellac Research Bureau 
involved the recognition of the superior properties of hard resin component 
of lac and the development of new methods for fractionatjng lac applicable 
to commercial scale operations. ‘This line of research attracted active atten- 
tion of other workers in India, America, Germany and other countries, with 
the result that there now exist at least five distinctly different processes, 
some of which are being commercially exploited in Germany and Great 
Britain. ‘The main features of hard lac resin which have made it industrially 
important include its ease of hardening, higher softening point, low solvent 
retentivity, capacity to produce hard, flexible and extremely adhesive films, 
high temperature resistance, freedom from greening of copper when applied 
as an electrical insulation, low water-sensitivity, etc. ‘The list of its virtues 
appears to be almost too good to be true, but carefully prepared material has 
shown all these advantages to exist, and the improvement over original 
whole lac is definitely marked. Asa result of these properties the hard lac 
resin has found application in numerous industries where quality rather than 
cost is the chief ciiterion, for instance as electrical insulation, as tin and 
aluminium foil lacquers, and others. 

Sulphited lac composition developed by the same workers consists of a 
combination of lac with sulphite through oxonium linkages. It is produced 
by reaction with alkali bisulphites and sulphites as well as sulphurous acid. 
The process is unique in as much asit makes possible the deposition of the 
solid resinous content of a solution in a polymerized insoluble form merely 
by virtue of evaporation of the solvent. Furthermore, the solution exhibits 
strong emulsifying power towards oils and fats. Thus the possibilities of 
its application cover a large field such as water-proof water paints and dis- 
tempers with or without emulsified drying’ oils, emulsion-varnishes in water 
medium for stoving and baking enamels, plastic mouldings, polishes for 
producing hardened ard water-proof films on wood, plaster and metal 
surfaces, finishes for petrol tanks and containers, sizing materials and 
polishes with emuisified wax, etc. 

Production of oi]-lac varnishes, which had been attempted by numerous 
workers cannot be said to have been successfully acccmplished until the 
London Shellac Research Bureau developed the indirect method of solu- 
blising lac in oil by first dissolving it in fatty acids and then esterifying the 
solution to produce mixed esters of lac and fatty acids. , In this connection 
one must mention previous attempts of dissolving lac in drying oils at bigh 
temperatures through the use of red lead and other agents. Both the 
processes proved their usefulness, for instance the laboratories of the 
Director, Scientific and Industrial Research recently opened up two big 
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fields for its use in anti-gas cloth and in treatment of wood. Asa result of 
these latter developments shellac has found a large market in this country 
which is bound to expand in the future. 


In order toimprove film foiming properties of spixit varnishes made 
from lac, it had long been felt that suitable plasticisers must be discovered. 
First comprehensive study of this problem was made by the New York 
Shellac Research Bureau, while a more systematic evaluation of various 
available plasticisers was carried out by the London Shellac Research Bureau 
and some work was also done at the Indian Lac Research Institute. Asa 
result of these studies certain materials such as sextol, phthalate, cyclo- 
hexanol tartrate, -toluene sulphonamide and certain others, described by 
trade names, have been found to be effective. These plasticisers not only 
impart plastic properties to lac-films,-viz.,flexibility and resistance against, 
- -creazing, but also retain or improve such useful properties as are already 

possessed by ordinary lac films, for instance, water resistance, mechanical 
strength, adhesiveness, resistance against blushing etc. Consequently the 
range of application of shellac varnishes is appreciably increased and the 
‘quality of products improved, exemplified by such industries as wood 
polishing, metal finishing, spirit paints, metal foil printing, treatment of 
textile fabrics, etc. 

While dealing with the subject of spirit varnishes, it may be of interest 
to point out in passing that due to the acidic nature of lac, its spirit solutions 
have the disadvantage of darkening when stored in metallic containers. 
To prevent this discolouration, minute quantity of oxalic acid is added which 
not only prevents the development ot dark colour, but actually reduces 
the colour of varnish by a mere shade. The mechanism of this reaction 
was studied electrometrically at the London Shellac Research Bureau, 


Comparatively recent work of Gidvani and Bhattacharya on the produc- 
tion of esters, ethers and ether-esters of shellac deserves more than a passing 
mention, for the possibilities of industrial application of these products 
cover a large industrial field, which include plasticisers, paints and varnishes, 
linoleum, leather finishes and polishes, rubber like goods, insulating 
materials, textile impregnants for parachute and anti-gas fabrics, packing 
and jointing materials, specially elastic paints for rubber surfaces etc. 

Another interesting matetial that has been developed by the London 
Shellac Research Bureau is the fibrous lac which is obtained in two different 
forms by the action of formaldehyde on either ammoniacal or on bisulphite 
solution of lac. The structure of this product indicates the formation 
of a linear chain molecule which may lead to interesting applications in the 
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fortn of extrusion products and spun materials. Used as a basis for varnish 
manufacture, it yields water 1esistant and quick drying films. 

Combinations of cellulose lacqueis with shellac and shellac products 
have formed a subject of research at different times at all the three lac 
research organisations at Namkum, New York and London as a result of 
which considerable data have accummutated which aie valuable to the 
cellulose lacquer industiy in assisting it to produce harder, glossier, better 
weather resistant and more economical lacquers for the trade. 


Hot spraying of powdered lac either neat or mixed with addition agents 
may be regarded as an impoitant industrial development carried out at 
London. This technique does away with the use of solvent as a vehicle 
and enables tine films of lac to be deposited on metal, wood, fabric or other 
surfaces. The troubles arising from the solvent retention nature of lac 
films, such as water sensitivity etc. aie thus automatically eliminated: 
Possible application of this process includes a whole series of industries 
where shellac fiims aie applied as protective of decorative coatings, exempli- 
fied by laminated products, french polishing, anti-fouling coatings for ship’s 
bottoms, oil storage tanks etc 


So far, one of the chief drawbacks of moulding powders based on 
shellac had been their inadequacy for use in moulding” equipment employed 
‘by thermo-setting type of materials such as the phenolics. The latter have 
a much shorter curing period and the rate of production consequently is 
. high. The newly developed shellac-urea-formaldehyde powders produced 
by the Indian Lac Research Institute approach very closely the phenolics 
in this respect and possess other useful characteristics, which make them 
valuable for industrial exploitation particularly under piesent day war time 
conditions. 


Other developments of Indian Jac Research Institute include the 
colourless adhesives made from aleuritic acid, suitable for use in safety 
glass, shellac-coal tar combinations for the production of moulding powders, 
plasticine like masses, adhesives and baking enamels, utilisation of destruc- 
tive distillation products obtained from Kiri for the manufacture of stoving 
lacquers, shellac-casein moulding powders etc. 


Investigations on solvents and solutions of lac at the Indian Lac 
Research Institute are worthy of note not only from scientific but also 
industrial point of view. These studies reveal among other things bow 
small quantities of impurities present in solvents improve their solvent power, 
‘and how combinations of two non-solvents may constitute a good solvent 
‘for lac, 
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As mentioned earlier, the activities of the laboratories of the Director 
of Scientific and Industrial Research in relation to lac have been concen- 
trated on the industrial utilization of Jac in this country. ‘Towards this goal 
a number of products have been developed which have made possible the 
initiation of new industries in India. ‘These include the manufacture of 
anti-gas cloth, the laminated paper board, the corrugated jute board etc. 
Other lines of wok which are now under way include the resin impregna- 
tion of wood, treatment of jute mill bobbins, production of water-proof 
plywood, all of which have developed far enough to indicate possibilities 
of cominercialization in the very near future. 


COERFEE-BEAN PLASTICS. 


Before the outbreak of war, India was exporting a large amount of raw 
- coffee to other countries, but on account of the export restriction arising as a 
_tesult of the outbreak of war the ‘‘ Coffee Planters Association of India ”’ 
felt the necessity of finding out some other suitable outlet for their surplus 
‘coffee. Perhaps it is well known that coffee beans have been dumped into 
the sea in Brazil and South America owing to, over-production. It was, 
therefore, suggested to us to undertake an investigation into the possibilities 
of the utilization of raw coffee for the preparation of moulding powders. 


After a year of systematic investigation we have been- successful in 
developing a process for the production of a moulding powder from coffee 
beans. ‘The outlines of the manufacturing process are as follows:— 


The green coffee beans are dried in an oven to facilitate thei: grinding. 
Dirt ‘and stones are eliminated by a common flotation piocess. Broken 
beaus, black beans, sticks or any cellulosic material do not necessarily 
have to be removed. The powdered coffee beans are made oil-free by 
refluxing with a suitable solvent. The oil-free powder is subjected to 
digestion at a fairly high steam pressure with a suitable chemical and in 
piesence of fairly large quantities of water for a certain definite interval 
- of time. ‘The resultant material is washed and ground to a suitable fine- 
ness. This powder after mixing with a. suitable plasticiser is ready for 
- moulding purposes. 


- he articles prepared from the above powder are very strong, offer a 

. good resistance to water, take a nice finish and can be drilled, sawed and 

: machined. The flow of coffee bean resins is not quite as good as that-of 
the bakelite type of resins, but investigations show that it can be improved. 


‘This non-beaverage use of the surplus and even the poorest quality 
coffee may provide a new industry, a 
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The bye-products of coffee plastic manufacture are also of interest. 
Coffee-oil, for instance, is a bye-product which can find many important 
uses. Itis rich in vitamin-D and hence should find use in cosmetics, 
lotions, medicines and fine quality soaps. It can be used as paint oil or 
cooking oil. And of course, coffee isa plain-source of caffein valuable in 
inedicine and pharmaceutical fields. 


OiL-SEED PLASTICS. 


Oil seed cakes due to their limited demand as cattle food and organic 
manure and their bad keeping qualities in tropical Climate, but particularly 
due to the recent export difficulties, drew attention as a subject for the 
Plastic Industry. 

Earlier experiments consisted in the extraction of proteins from the 
oil cakes by dissolving the former in dilute alkalis and later precipitating 
with dilute acids. These proteins after hardening by treatment with 
certain aldehydes, were mixed with suitable fillers, plasticisers, water- 
proofing agents and finaliy moulded at definite pressure and temperature. 

In another set of experiments the mass left after the protem extraction 
along with certain basic compounds, was hydrolysed at a fairly high 
pressure. The product obtained was treated with certain naturally occurring 
aldehydes and chemicals and later moulded under specific condition of 
temperature and pressure. 

It was observed that mouldings from the second type of experiments 
were stronger and more water resistant than in the first case. They fairly 
compare with phenol-formaline products. 


RagsIN FROM Sarcostemma Brevistigma. 


The different names ascribed to the Sarcostemma Brevistigma are:— 
Sanskrit and Bombay—Soma ; Hindi and Bengali—Somalata ; Marhatta— 
Kondopata and in Telgu—Mawa Kiriya. It is also called the Moonplant. 
. It has been described (Dictionary of the Economic Products of India by Watt 

Vol. VI, pt. I, pp. 477) as a trailing leafless, jointed shrub, not un- 
commonly met with in dry rocky places in the Deccan Peninsula. It 
occurs also in Bengal, but more rarely than on the western side of India. 
Dr. Gibson mentions that “‘it is often brought from a distance by farmers 
to extirpate white ants from the sugar fields. A bundle of twigs is put 
into the trough of the well from which the field is watered along with a 
“bag of salt, hard packed, so that it may dissolve gradually. The water so 
impregnated destroys the ants without injuring the crop.’’ The plant 
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contains a large amount of milky sap, which Roxburgh says “is of a mild 
mature and acid taste, and -is often’used by Native travellers to allay their 
thirst. It has been used also in preparing-an intoxicating liquor.” 

It has been possible to prepare a resin from this material by suitable 
treatment. The softening point of the resin is 60-65°C. The resin, so 
obtained, is soluble in benzene but not in other common solvents. The 
resin is capable of yielding a good moulding powder with saw dust and 
wood. powder. Although insoluble in water, it is not so resistant to water 
action as to compete with other synthetic resins with respect to this quality. 
By suitable chemical treatments, however, it is possible to improve this 
property of the resin. 


RSINS FROM BAGASSE AND JuTR WaAs‘E. 


Cellulosic matter and lignin of which enormous amounts are annually 
thrown away as a waste product in our sugar mills have drawn the 
attention of various workers as a source of cheap plastic material. A 
patent has recently been taken by the Government in which after a thorough 
and careful investigation of the working conditions, it has been shown that 
as much as 19% resin can be obtained out of bagasse with little cheniical 
treatment. ‘The broad outlines of the process are given below: 


The bagasse from a sugar mill is washed well with water and dried 
in the open sun. When it is dry, it is powdered either in a grinder or 
preferably a defibricator to the required mesh. The powdered bagasse 
is then subjected to steam hydrolysis under pressuie in an autoclave. The 
ratio of water to bagasse, duration of hydiolysis and the temperature and 
pressure conditions have to be carefully watched and regulated to effect 
the “maximum conversion of the ligno-cellulosic matter into resinous 
matter. The resin, thus formed within the fibrous cells of bagasse, is 
extracted by boiling the dry hydrolysed stuff with spirit or alcohol for the 
pre-determined period. ‘The resin being soluble in spirit is extracted out 
of the fibrous tissue during the process of refluxing. An alcoholic resinous 
extract is thus obtained. It has an excess of the solvent and to get rid 
of it, the alcohol is distilled off. The thick resinous mass is left behind 
in the retort. Even without alcoholic extraction ‘it is possible to use the 
fibrous powder as such, as a moulding powder. Should it be necessary 
to obtain the resin in a powdered form, the last traces of the solvent can 
be removed over a water-bath. The resin is a dark brown, lustrous mass 
brittle in nature. It has good binding and water-proofing properties, 
The melting point varies over a wide range but a fairly average value is 
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about 148°C. It can be plasticised in the usual manner. Recent investi- 
gations show that if the bagasse is, hydrolysed in an alkaline or acidic 
medium, the yield is improved by 2 to 3% with no substantial change in 
the properties of the resin. 

I hope and trust that this survey of some of the importaut naturally 
occurring resins and the intensely fascinating synthetic resins will stimulate 
our Fellows and result in the future expansion of scientific investigations 
in every direction of this interesting field resulting in the early development 
of a plastic industry in India worthy of her great ‘natural resources. 

I am much indebted to Dr. LC. Verman and Mr. S. D. Sunawala for 
the help in the’ preparation of this article. . 
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THE VELOGITY OF TRANSFORMATION OF HYDROXY- 
METHYLENE KETONES INTO BENZENE DERIVATIVES. 


By R. Kauswar, (Miss) S. Sovanr anp S. S. DesHAPANDR. 


The self condensation of hydroxymethylene acetone and hydroxymethylene aceto 
phenone is a trimolecnlar reaction, whereas hydroxymethylene methylethylketone does 
not undergo self condensation and therefore possesses a different structure 


Condensation of formic ester with a ketone R-CO-CH,-R! in presence 
of sodium or sodium ethylate leads to the formyl derivative (I) which could 
enolise to (IT) or (III). 
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ee ROT scene ag ~R-CO-CR’: CH-OH (keto-enol) 
R-CO-CHR'-CHO 7 Ma ee 
(D) R-C (OH) : CR/-CHO (aldo-enol) 
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Claisen and Stylos (Ber., 1888, 24, 1145) have shown that hydroxy- 
methylene acetone (II, R=Me, R’=H) and hydroxymethylene acetophenone 
(II, R=Ph, R’=H) undergo automatic condensation into symmetrical 
triacylbenzenes (cf. also Benary, Meyer and Chausius, Ber., 1926, 59, 108). 
Hence it was desired necessary to study the reaction mechanism of the 
transformation with a view to finding out whether such a condensation 
proceeds with a measurable velocity and whether it has any bearing on the 
structures of such ketones. 


ExPERIMENTAL. 


Preparation of Hydioxymethylene Ketone.—A mixture of the ketone 
(x mol.) and formic ester (1°5 mol.) was added to sodium wire (1°5 atom) in 
dry ether under ice-cooling. Next day the sodium compound formed was 
dissolved in water and freed from organic substances by extraction with 
ether. The aqueous solution of the sodio derivative on decomposition 
with dilute sulphuric acid liberated the free hydroxymethylene ketone, 
which was worked up as desired. : 

These hydroxymethylene ketones are strongly acidic (Claisen, Ber., 
1887, 20, 2191 ; 1888, 21, 915) ‘They form chelated copper salt and could 
be titrated against alkali, while the tri-acyl benzenes are neutral bodies. 
Therefore the following processes were adopted to study the reaction 
mechanisin. ‘ 
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Copper Titration Process.——The copper compounds of the hydroxy- 
tnethylene ketones are very soluble in chloroform and sparingly so in water 
and therefore a direct estimation was not possible. ‘ 

A definite quantity of the solution of the oxymethylene ketone under 
examination as pipetted in a separating funnel, to which an excess 
of copper acetate was added and shaken well. Thereafter the co-ordinated 
copper compound was extracted thrice with a definite quantity of chloroform 
(5 cc.) each time until the extract was colourless. The aqueous copper 
acetate left unused was titrated with potassium iodide and hypo, starch 
being used as an indicator (cf. also Heiber, Ber., 1921, 84, 902). 

This gave us the measure of the hydroxymethylene ketone present at 
any particular interval. The concentrations being proportional to the 
voluine of the hypo, it was unnecessary to find the actual concentrations. 


the tem, = Mtn 


Alkali Titration Processs=The hydroxymethyléne ketones ate strongly 


acidic. They -could” bé titratéd against an alkali- aid™ té"Tiie at any 
particular moment is a direct measure of the free ketone present at that 
instant. 

‘Therefore a definite quantity of the solution of the oxymethylene ketone 
was pipetted at definite inteivals and titrated against an alkali using phenol- 
phthalein as indicator. Due to sodium salt formation the solution acquired 
yellow colour at the end-point and hence the solution was diluted enough 
before titration. ; 

A blank was run under identical conditions with each process in all cases. 


Tasie I. 

Hydroxymethylene acetone from 5 g. of acetone was dissolved in chloro- 
form, washed, dried and made to rooc.c. with alcohol. Catalyst=o'z c.c. 
of HCl. 10 C.c. of nearly N/20 copper acetate were added to 5 c.c. of the 
solution at room temperature, and the excess titrated back with 0o°034N-hypo. 


cE 


Hypo 
Expt. Blank Time. a—-x, Xe 2a—-%. hy X 107+. 
8°6 15'6 o hrs. 70 
10°85 15°3 81/4 4°45 2°55 11°45 74 
TIS 15°3 25 3°8 3°2 10 8 97 
12°0 15°2 81/2 32 38 Io 2 9°5 
12°7 15°2 137/2 2°5 4°5 9°5 10'L 


The value of the & is fair considering the fact that the experiment is 
extentied for a long period and that the temperature of the room varied 


_ betweeng22° and 27°, 
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TABLE IT. 


The ketone obtained. from 5 g. acetone as in the Table I, and made to 


roo ¢.c. in chloroform. 
acetate were added to x0 c.c. of 


Strength of hypo=o0'034N. 


Hypo 

Expt. Blank. 

3°55 - 27'2 
Il'7 27°2 
12°95 27°2 
13°6 272 
14'2 27°2 
5°4 27°2 


Time. 


o min 
75 
Iro 
140 
170 
215 


a—-X. 


23°65 
15°5 
14°25 
13°6 
I3°0 
11'8 


Tasix II. 


the solution. 


x, 


815 


. 94 


I0"05 
To 65 
11°85 


Catalyst=o'15 c.c. of HySO,. 25. C.c. of copper 


Temperature=49° +1°. 


28—-%, 


39 15 
37°9 
37°25 
36°65 
35°45 


kg x ro07§, 


15 
r4 
1'29 
1'22 
1°25 


« To see the effect of concentration the ketone was obtained from 9 g. 
acetone and made to 100 c.c. in chloroform as in Table II. Catalyst= 
o'x5 c.c. of H,SO,. 10 C.c. solution and 25 c.c. copper acetate. Temperature 
=49°+1°. Strength of hypo=o0'034N. 


Hypo 
Expt. Blank 


55 49°0 
13°25 ove 
14°35 49°0 
15°95 
19°2 
19 75 os 
24°0 49°0 


Time. 


o min 
88 
130 
185 
295 
370 
440 


a—-X. 


43'S 
35°75 
34°65 
33°05 | 
29°8 
29°25 
250 


TABLE IV. 


7°75 

8°85 
10°45 
13°7 
14°25 
18°5 


68°5 


Rg x 107°. 


14 
17 
I'05 
I°02 
D9} 
iz 


The ketone obtained from 6 g. acetone and taken up in dry chloroform 


(100 c.c.). No catalyst. 


NaOH 

Expt. Blank. 
73'5 rr 
150 aos 
Ia]. 
Il'7 rr 
10'2 

gr se. 7 

B30 CC vi 

71 TI 


3—1427P—3 


Time.” 
o min. 
35 
75 

110 

150 

200- 

275 

355 


aX. 


7374 
13'9 
116 
10°6 

gi 
8’o 
72 
6°0 


x. 


58°5 
60'°8 
61°8 
63°3 
64°4 
65'2 
66°4 


24—-%, 


86°3 
8473 
830 
815 
80°4 
79°6 
78°6 


to C.c. solution diluted with so c.c. water and 
titrated with 0°0234N-sodium hydroxide. ‘Temperature=45°+1°. 


k3x 107+. 


750: 
3°83 

3 96 
3°96 
386° -- 
3.50 

3 90 
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TABLE V. 


A solution of hydroxymethylene acetone obtained from 6 g. acetone 
in ether was dried over sodium sulphate, decolourised with animal charcoal, 
filtered and made up to 150 c.c. with absolute alcohol. Initially no catalyst 
was added but even after an how there was bo appreciable change which 
necessitated the addition of catalyst (o'1 c.c. H,SO,); andthe time recorded 
from this moment. 10 C.c. solution were diluted with 50 c.c. water. "Tem- 
perature=30°. Sodium hydroxide=0'0234N. 


NaOH 
Rxpt. Blank. Time. a-—x. x 2a—-x Rg x I07* 
185° o'8 o min. 17°7 
31"4 4'0 42 74 10 3 251 179 
9°7 oe 77 5°7 120 22°5 1°78 
88 : 4'0 _ 107 48 _1a9 22°5 1°88 
80 ae 173 4'0 137 21°7 1°72 


Tasie VI. 


0371 G. pure hydroxymethylene methyl] ethyl ketone ‘m. p. 72°) 
was dissolved in 50 c.c. of 90% alcohol. 5 C.c. titrated agaimst o'0234N- 
sodium hydroxide at room temperature without any catalyst. 

Time in days aes I 2 3 4 
NaOH titre bes 15°8 _15°8 _ 158 158 

When, however, a catalyst was added, it did not produce any effect 

even after four days. 


Tasie VII. 


A solution of hydroxymethylene acetophenone from 5 g. acetophenone 
in chloroform was dried and made up to, 100 c.c. with dry chloroform. 
25 C.c copper acetate were added to 10 c.c. of solution. Catalyst= 
o'r1c.c. HCl. Temperature=22°-27°. Hypo=0'034N. 


Hypo 
Expt. Blank. Time. a-%x. x. 2a—%. kg x To7* 
19°65 42.7 o hr. 23°05 ose 
art oe 17 ax 6 1°45 44°65 77 
arg oo a4 20°8 4°25 43°85 go 
23°4 v4 43 19°3 3°75 42°45 9'3 
24°9 42°7 69 17°8 5°25 ~ 40°85 9°3 


Ny 
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Tasty VIII. 


ie 


vi 


A solution of hydroxymethylene acetophenone from 5 g. acetophenone in 
ether was dried and ether removed.’ The liquid so left was made to 100 c.c. 
ro C.c. solution were 


with absolute alcohol. 
diluted with 50 c.c. water. 


Expt 
18°4 
15°9 
14°6 
14°0 
13°4 


130 


NaOH 


Blank. 


feee 


18 


1°8 


‘18 


Catalyst=o'15 c.c. of HCl. 
‘Temperature= 45° 
Time. a—x. x. 
o min 18'4 Ss 
67 141 4°3 
136 12'8 56 
165 12'2 6'2 
198 Il'7 67 
430 112 72 


TasBie IX. 


aa-Xx. 


32°5 


31°2 


30°6 . 


301 


29°6 


. Sodium hydroxide=o'o4N. 


ky x 1078, 


Hydroxymethylene compound from 10 g. acetophenone was dissolved 
in ether, ether removed and the solution made to 100 c.c. in 90% alcohol. 


Catalyst=o'r5 c.c. of HCl. 


Temperature = 48°. 


Expt. 
36°5 
32°4 
30°0 
28°4 
a7°3 
26°4 
24°7 
23°7 


42°2 


NaOH 


Blank. 


0'5 
43 


4°3 


4°3 


4°3 
4°3 


Sodium hydroxide=o'o4N. 


Time. 
o min 

60 
118 

" 150 
180 
2Io 
270 
300 


370 


; 36'0 
28 X 
25°7 
24° 
23'0 
a2°I 

20°4 
I9°4 
17°9 


79 
10°73 
Il'9 
130 
13°9 
15'6 
16°6 


182 


2a—-X. 


64°r 
61'7 
6o°r 
59 0 
581 
56°4 
554 
53°9 


5 C.c. solution were diluted with 50 c.c. water. 


ks x 107°, 


4°12 
3°15 
3°16 
3°I 
3°04 


3°02 


3 17 


q 7 5 
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TABLE X. 


Hydroxymethylene compound from ro g. acetophenone was dissolved 
in 90% alcohol as in Table IX and divided in two equal partsof 100 cc. 
each.. Catalyst=o'15 c.c. of HCl. 5 C.c. solution were diluted with 50 c.c. 
water. ‘Temperature=35°. Sodium hydroxide=o'o4N. 


NaOH 
Expt. Blank Tine. _ ane x. 2a—%X. k3x 107°. 

218 o'2 o min, “4x6 se wee 8 oe 

ar'4 2°0 74 19'4 2°2 410 3°46 
20°8 2°0 138 18°8 2°8 40°4 2°50 
20°L wee 1973 181 3°5 39°7 2°62 
19°7 oe 204 77-39 39°3 2°57 
18'7 2'0 276 16°7 4°9 38°3 2°61 
18'5 2°0 308 16'S SI 381 2°50 


Tape XI, BE ee: 


Experiment repeated with the other half from ‘Table X under identical 
conditions. ‘Temperature=50°. 


NaOH 
‘Expt. Blank. Time. a-2%. x. 2a—x. kg x 107°. 

22°8 02 o niin. 226 

19 0 18 82 17°2 54 39°8 8°68 
17°F 157 15°3 73 379 7°36 
16°7 18 185 14'9 77 37'5 690 
15°4 ; 247 13°6 go 36°2 6°98 
15x 18 a7u 13°3 9°3 359 6°82. 
147 ast 293 12°9 97 35'S 6’91 


14°3 “18 322 I2°5 I0°r 35°r 6’go 
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TABLE XII. 


Oxymethylene acetone from 12 g. acetone was dissolved in ether, ether 
removed and the solution made to 240 c.c. in 90% alcohol and divided into 
two equal parts of 120 c.c. each. Catalyst=1 c.c. of o'11 N-HCl. ‘Tem- 
perature= 30°. 5 C.c. solution were diluted with so c.c. water and titrated 
with 0'0484N-NaOH. 


" NaOH 
Expt. Blank. Time. a—x. x. 20—~% ky x 1077, 

a7°6 o'r o min. a7°5 aés ie ss 

26'5 0'2 go 26°3 I°2 53°38 s« BG 

26°0 0,2 130 25°8 17 53°3 6"92 

25°6 0°2 170 25°4 a°L 52°9 6°71 

25'0 o'3 230 24°7 2°8 52°2 6°89 
Mean 6°84 

- = . Taste XIII. , 


Expt. repeated with other half of 120 c.c. under identical conditions 
asin Table XII. ‘T'emperature= 20°. 


NeOH 
Expt. Blank. Time. a—x. x. 2a—%. kx ro’. 
27°6 ovr “omin. - a7°5 a ee oes 
269 ~* * of “or 26°7 o'8 54°20 4°42 
26°6 0°2 130 26°4 a'r 53°9 4°33 
26°2 02 170 26°0 I's 535 4°61 
259 03 : 237 a5‘6 I'9 53°2 4°48 


Z Mean 4°46 


An approximate idea as to the temperature coefficient can be obtained 
from the ratio of the two velocity constants Rso/k2o=6°84/4'46=1 53. 


Taaue XIV. 


Oxymethylene acetophenone from ro g. acetophenone was dissolved in 
ether, ether removed and the solution made to 200 c.c in 90% alcohol. 
too C.c. were taken for each experiment. Catalyst=1 c.c. of o'rrN-HCl. 
‘Temperature=30°. 5 C.c. solution were diluted with 50 cc. water and 
titrated with 0°0484N-NaOH. 


NaOH, 2 , 

Expt. Blank. ‘* “Time. a—x. x. " ga—x. ky x t07'. 
a4°r o’x omin.  -a4‘0 a3 ee ; 3 
23°2 O38 50_ 22°8 20 : 478 r'92 
a2°4 o2 ~ 80 23°23 18 46°2 1°83 
ar8 0°23 IIo ax’6 2°74 45°6 85 
2x3 o'2 144 arr 2°9 45°1 1°78 


Mean 1°84 


rt 
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TABLE XV. 


Expt. repeated with other half (100 c.c.) under identical conditions. 
Temperature=20°. 


NaOH 
Expt. Blank. Time. a-x. %. 20-2. kgx 1077. 

24°5 or o min. 24°0 

23°4 0'2 46 232 08 47°2 1°32 

229 02 90 22°97 I°3 46°7 L'l4 

22 4 02 130 22°2 1°8 46°2 112 

22°0 02 167 2x8 2°2 45°8 LiI1 
Mean 1°17 


The ratio of the two velocity constants gives us an approximate idea 
as to the temperature coefficient of the reaction. k3y/keo=1°84/1°17=1'°571 


DiscUSSION. 


It will be clear from the following that the compounds of the type 
X-CH :CH-OH and X-CH :CX’-OH would condense to form tri- or hexa- 
substituted benzenes (IV) or (V). 


t 1 
cage C 
HC’ CH —3H,0 “CE 

= | 
OH CH—X aa J ae 
X—HC OH CH 
VY 
CH (IV) 
i tT 
cH0e C 
Rh a CX! xXI_CK SCX! 
~3H,0 | 
OnCH=s saa Ry 
X—-HC OH C 
WY x! 
C 
| (Vv) 


x! 
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Thus a molecule of the hydroxymethylene ketone would undergo 
automatic condensation into benzene derivative if it contains in its molecule 
the grouping —CH:CH-—OH or —CH:C(OH)—. Conversely a ketone 
with no such grouping would be stable and would not undergo similar 
condensation. 

Since liydroxymethylene _acetone and hydroxymethylene acetophenone 
are known to undergo self condensation, they must contain in their molecule 
the grouping —CH:CH—OH or —CH:C(OH)— and hence must possess 
the structure (II) or (ITI) (R=Me or Ph; R’=H). But the final product 
of condensation is a tri-substituted benzene (IV) (K=CO‘’Me or CO’Ph) 
and not hexa-substituted benzene (V) (Claisen, loc. cit.), as such structure 
(TI, R’=H) could only be assigned to these compounds. 

This is in conformity with the observations of Claisen (Annalen, 1894, 
281, 309) that of the three forms (II, R=Me, R’=H) is the most stable 
for acetic aldehyde, as also of Claisen and Stylos (loc. cit.) that the compound 
readily undergoes self-condensation to triacetylbenzene ‘IV, X=CO’ Me), 
which readily follows from the structure (II). 

Similar considerations hold good for hydroxymethylene acetophenone. 

Therefore if ‘A’ represents the molecule of the hydroxymethylene. 
ketone containing the group —CH:CH'OH, condensation to benzene 
derivative (IV) could take place according to one of the following schemes. 

A+A=B (intermediate product still containing the group 
—CH:CH’OH)+H,0. 


B+A=(IV)+2H,0 ... scheme (i) 
At+A+A#(IV)+3H,0 ... scheme(ii) 


In scheme (i) the two reactions appear to be bimolecular consecutive 
reactions. It has not been possible to derive an expression connecting t 
time, k, velocity constant and the coricentration of Aand B. For, in these 
cases if A is changing into B and B thereafter into (IV), A can not be 
measured on account of the fact that B has the same properties as A and 
the titre at any particular interval will always give the total quantity of 
A and B present together. 


According to the scheme (ii) the reaction is one-sided trimolecular in 
which the molecules of the same substance are involved. Therefore, if a is 
the initial concentration of A and after atime t, x of it has changed into 
(IV), then 


dx/dt=k,(a—x)* or 


ky=x(2a—x)/2t. ala— 3x)? 
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Our results show that hydroxymethylene acetorieand fiydroxymethylene 
acetophenone undergo self condensation according to the scheme (ii) and 
the process is a simple trimolecular reaction. , o 

The concentration of the ketone does not affect the velocity constent 
to any appreciable extent (Tables II and III) but the increase in the tempera-- 
ture increases the velocity constant appreciably (Tables X to XV). This 
is in agreement with the fact that a very good yield of tribenzoylbenzene 
(IV, X=COPh) is obtained by heating a solution of hydroxymethylene 
acetophenone in glacial acetic acid (Claisen, loc.cit.). ‘The nature of the 
solvent has an effect upon the value of the velocity constant, which falls 
in the following order : chloroform >absolute alcohol >90% alcohol (Tables 
IV, V, VIII and LX). 

The hydroxymethylene methylethyl ketone was found not to undergo 
self condensation. It could be distilled and obtained as a white solid. 
When dissolved in a solvent and titrated it showed no change whatsoever 
in the titre value (Table VI). Had the substance undergone self condensa- 
tion, the enol concentration would have decreased and so also the corespond- 
ing titre value. ‘Therefore, the substance can not possess the grouping 
—CH:CHOH or —CH:C (OH)— and hence must have the structure (IT) 
or (III) (R= Me=R’), reaction taking place at the methylene group marked 
with an asterisk —CHy—CO—CH.—CHs. (cf. also Diels and Ilberg Be., 
1926, 49, 158). Joshi, Kaushal and Deshapande (J. Indian Chem. Soc., 
1941, 18, 234) from the condensation of the compound with cyanoacetamide 
have shown that it possesses the structure (IJ) and not (III). 

It is proposed to confirm the observations further by conductivity 
measurenients. " 
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CONDENSATION OF CHALKONES WITH FLAVANONES. 
By B. N. Kapiasa, R. C. SHAH AND T. S. WHEELER. 


A number of chalkones and flavanones have been condensed in presence of alkali or 
pulverised sudium, the latter being particularly effective. 


The reactivity of the keto-ethylene group CH=CH’C=O in chal\unes 
has been the subject of a large number of investigations. Apart from the 
various reactions they undergo, they give rise to various addition reactions 
with compounds containing the reactive methylene group (Knoevenagel, 
Annalen, 1894, 281, 25; Hill, J. Chem. Soc., 1935, 1115). Consequently 
condensation of chalkones with compounds containing the keto-methylene 
in an open-chaim such as acetoacetic ester and desoxybenzoin or in a 
homocyclic ring like cyclohexanone has been extensively studied. No 
work has, however, been done with compounds having the keto-methylene 
group in a heterocyclic ring. A study has now been made of the con- 
densation of chalkones with flavanones. The latter contain the CO'CHa 
group asa part ofaring and it is of interest to see if inclusion in a hetero- 
cyclic ring affects the activity of the keto-methylene group. Inclusion in a 
carbonylic ring as in cyclohexanone does not inhibit the addition, and it 
has now been observed that the flavanones also add on normally as 
follows — 


a 
R_CO'CH=CH_R R-CO'CHs CHR 
of 
O CH CH—R 
ies eae cof So 
\/4\/CHs <-> 
CO 


where R is an aryl radical. 
Fot the present juvestigation the following condensations were studied. 


Chalkone. Flavanone. Condensing reagent 

(t) Phenylstyryl ketone a Sodium hydroxide 
(2) p-Tolylstyryl ketone ” ” 
(3) Phenyl-4’-methoxystyryl ketone fr Sodium ethoxide 
(4) p-Tolyl-p-methoxystyryl ketone 3 Sodium in ether 
{5) Phenyl-4’-methylstyryl ketone i ” 
(6) 4-Methylpheoyl-4-methylstyry1 » ts 

ketone. 5 
(7) Phenylstyryl ketone (3’ :4)-Methylene- i 


dioxyflavanone 


4—1427P—3 
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(x) and (2) were successfully condensed by means of aqueous alcoholic 
soditm hydroxide but in the case of (3) the desired condensation was brought 
about by employing sodium ethoxide, due to the *failure of sodium ' 
hydroxide. 4,5, 6 and 7, however, could not be condensed by means of 
either of them and therefore resort’ was made to pulverised sodium in dry 
ether, which in our opinion is the best condensing agent for such reactions 
These compounds were characterised by the formation of their 2:4-dinitro- 
phenylhydrazones. a ras ; 

- Flavanone, however, could not .be condensed with the following 


- (x) Phenyl-(3':4’) methylenedioxystyryl ketone 

-* (2) p-Tolyl-(3':4') methylenedioxystyryl ketone 

. (3). o-Hydroxyphenyl-(3’:4!) methylenedioxystyry] ketone 
(4) o-Methoxyphenyl-(3/:4’) methylenedioxystyryl ketone 

(5) 2-Hydroxy-4-methoxy-5-nitrophenylstyryl ketone : 
{6) 2-Hydroxy-4-methoxy-5-nitrophenyl-4'-nethoxystyry] ketone 
(7) 2-Hydroxy-4-methoxy-5-nitrophenyl-4’-methylstyryl] ketone ° 


chalkones ; 


Thus some chalkones condense readily while others have so far resisted 
condensation. Although no definite generalisation can be drawn regarding 
the influence of substituents in the chalkone molecule, it appears that the 
presence of the (3/:4') methylenedioxy group in chalkones retards con- 
densations. ‘The failure of the nitrochalkores to condense may be attributed 
to the deactivating effect of the nitro group,-as had been observed before 
in similar types of reactions ( cf. Hutchins, Motwani, Mudphatkal and 
Wheeler, J. Chem. Soc., 1938, 1882). 


EXPERIMENTAL. 


The compounds have been numbered for brevity. They were re- 
crystallised from alcohol unless some other solvent is specified. They are 
all colourless unless otherwise mentioned. 

Chalkones.—The following chalkones were prepared from the aceto- 
phenone and aldehyde components in presence of alcoholic alkali. 
(x) Phenylstyryl ketone (Kostanecki and Rosbach Ber., 1896, 29, 1492). 
(2) p-Tolylstyryl ketone (Kostanecki and Rosbach, loc. cit.). (3) Phenyl-4’- 
methoxystyryl ketone (Kohler and Conant, J. Amer. Chem. Soc.,, 1917, 
89, 1702). (4) 4-Methylphenyl-4'-methoxystyryl ketone (Petrow, Ber., 
1930, 63B, gor). (5) Phenyl-4’/-methoxystyryl ketone (Hanzlick and 
Bianchi, Ber., 1899, 82, 2283). (6) 4-Methylphenyl-4/:methylstyryl ketone 


CONDENSATION OF CHALKONES WITH FLAVANONES 119 


_(Stobbe and Bremer, J. pr. Chem., 1929, 128, 1). All the chalkones are 
yellow. ; 


Flavanones.—(7) Flavanone (Ryan and Cruess-Callaghan, Proc. Roy. 
Irish Acad., 1929, 39, 126). (8) (3/:4/)-Methylenedioxyflavanone (Ryan 
and Cruess-Cellaghon. loc. cit.). (9) 3-(a-Phenyl-8-benzoylethyl) favanone. 
1y) Was obtained in the following manner. To an alcoholic 
solution of ro g. each of (zr) and (7), 2°5 g. of 25% sodium hydroxide 
solution were added. ‘The mixture was vigorously stirred and allowed 
to stand in the frigidaire overnight. The solid which sett'ed at the 
bottom was carefully washed with dilute hydrochloric acid in oder 
to remove away the sodium salt, if any, and filtered, m.p. 149-51°, 
yield 5 g. (Found. C, 83'2; H, 576. CsoHOs requires C, 83°3; 
H, 56 per cent). , 

2:4-Dinitrophenylhydrazone of (9) was obtained by heating under 
reflux an alcoholic solution of (9) and 2:4-dinitrophenylhydrazine. 
Recrystallised from alcohol-acetone it separated in orange coloured needles 
I1.p, 229-30°. (Found: Nj 9'0. CssHosOsN. requires N, 9'2 per cent). 
In the similar manner: 3-[a-phenyl-8-(p) toluoyletbyl] flavanone (10) was 
isolated from (2) and (7). (Found: C, 83°3; H,5°8. Cs;H 4,0; requires 
C, 83.4; H, 5°8 per cent). Inexactly the same way as before its 2:4- 
dinitrophenylhydrazone was obtained. Recrystallised from acetic acid it 
was obtained as yellowish red needles, m.p. 237-39°. (Found: N, g’o. 
CsrH5,0.N, requirss N, 8’9 per cent). 

3-(a-Anisyl-8-benzoylethyl) flavanone (1x) was produced by allowing 
an alcoholic solution of (3) and (7) to stand overnight in presence of sodium 
ethoxide, m.p. 92-94°. (Found: C, 79'2; H, 5°4. Cs:H2.0,, 4H.O requires 
C, 79°0 ; H, 5°7 per cent). 

3-(a-Anisyl-8-p-toluoylethyl) flavanone (12) was obtained by refluxing 
for 5 hours ethereal solution of (4) and (7) in presence of a suspension of 
pulverised sodium. ‘The paste so formed solidified on boiling with alcohoi, 
m.p. go-92°. (Found: C, 80°6; H, 5.4. CssHesOu requires C, 80°7; 
H, 5'9 per cent). 

In exactly the same manner as (12), 3-(a-p-tolyl-8-benzoylethyl)- 
flavanone (13) (Found. C, 82:1; H, 60. CsiHs.Os, #H2O requires 
C, 81'8; H, 60 per cent) and 3-(a-p-tolyl-8-to!uoylethyl) flavanone (14) 
(Found: C, 80'5; H, 62. CssH2s03, H,O requires C, 80°3, H, 63 
per cent) were obtained by condensing (5) and (6) with (7) respectively. 

2:4-Dinitrophenylhydrazone of (13) of orange colour, imp. 252-55° 
(Found: N,9°2- Cs;Hs.OuoN4 requires N,8g9 per cent) was obtained as 
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usual. Similarly 2:4-dinitrophenylhydrazone of (14) of orange colour, 
m.p. 249-51° was isolated. (Found: N, 84. CsgHssO.N, requires 
N, 88 per cent.)  (3/:4’)-Methylenedioxy-3- ( e-pheny! - 8 - benzoylethyl ) 
flavanone (15) was obtained as stated above, by using pulverised sodium 
as a condensing agent. Recrystallised from acetic acid it melted at 
184-85°. (Found: C, 77°7;H,5'2. CsiHaOs requires C, 78°x; H, 50 
per cent). 2:4-Dinitrophenylhydrazone of (15) was obtained as usual by 
refluxing an alcoholic solution of {15} and 2:4-dinitrophenylbydrazine. 
Recrystallised from acetic acid it was obtained as orangeied needles and 
melted at 228°-30°. (Found . N, 8’2. CsrH2gO8Ni requires N, 8'5 per cent.) 
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Roya, Ins1titurr oF Scigncx, Bosrray. Received December 27, 1941. 
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STUDIES IN ENZYMES. PART Il. PURIFICATION OF 
AMYLASE FROM KASERU (SCIRPUS GROSSUS, LINN.). 


By. J. P. SHUKLA. 


Precipitation with ammonium sulphate, dialysis and subsequent precipitation with 
alcohol gave an active amylase from the herb Kaseru (Scirpus grossus, Linn.) having 
a high saccharogenic activity. The purified enzyme isolated has an optimum px of 4°8 
using acetate buffers. 


Ina previous paper the author (J. Indian Chem. Soc., 1941, 18, 407) 
related to the presence of amylase in the tuberous root of the herb Kaseru 
(Scirpus grossus, Linn.) and has studied its optimum temperature and pz. 
In the present paper an attempt has been made to purify the enzyme and 
to investigate its nature together with its optimal conditions in the highly 
purified state. 


EXPHRHRIMENTAL. 

A fresh lot of kaseru was obtained from the market and its skin 
removed. ‘The white tubers were dried in the sun for 4 days and then 
ground to powder, sieved- through a fine mesh screen and stored for use. 

200 G. of starch, thus obtained, were mixed with dry neutral sand and 
400 c.c. of 20% alcohol. The mass was kept at 37° for 40 hours and tri- 
turated-from time to time to extract the enzyime. ‘The filtrate was tested for 
activity per mg. of the substance. As it is likely that the extract may 
contain some sugar, the enzyme activity was determined by taking a differ- 
ence in the weights of Cu,O0 precipitated from 5 c.c. of the extract allowed 
to react without any lapse of time from the Cu,O precipitated when the 
extarct was allowed to react for exactly one hour at 37° on‘ the same starch 

solution. ‘The starch solution used was buffered to correspond to the opti- 
~ mum pn 56 as determined in the previous paper. 

Diastatic value (Sherman, Kendall and Clerk. J. Amer. Chem. Soc., 
1910, 82, 1073) of the extract at 37° for 1 hour is D*"tncur=12"2. 

Dialysis of the Extract,—One of the first steps recommended (J. Amer. 
Chem. Soc., 1926, 48, 2947) for the purification of the enzyme is to dialyse 
the extract against distilled water in cold using collodion membrane. ‘The 
specification and use of the membrane has been standardised by various 
authors (Pieice, J. Biol. Chem., 1927, 18, 795). In the present investigation 
collodion membrane was prepared using a 6% solution of collodion in ether 
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and pouring the solution into a conical flask of the required size. ‘The sack 
obtained was filled with distilled Water and immersed for 24 hours in water 
before use. Several sacks were made under identical conditions and stored 
for use. 


‘The enzyme extract was dialysed for 24 hours against distilled water 
at 14°, During dialysis the volume of the liquid in the sack increased from 
100 ¢c.c. to 172 c.c. Samples of the dialysate were taken out every hour up 
to § hours and the diastatic activity of the extract measured by Cu,( preci- 
pitation. ‘The dialysate was tested for proteins which are always associated 
with the amylase to ensure that the enzyme itself has not diffused out 
completely. 


TasLe I. 
Treatment Molisch Biurct CugOQ Cu,O due to Dry matter K per g. of solid at 
; test, test ppt. extract, -37° for 1 hour. 
Blank with starch — ~ 071283 g. — _ _ 
Original extract + + 03948  o'2665g o'2606g 312 
x hour dialysis + + O 2422 o°I139 07232 163 6 
Bi, is + + 0 1950 © 0667 0206 Tor 6 
3» an + + 01664 0°0381 o 178 678 
4; ” + + 0 1512 0°0229 0 152 44'2 
5 » > + + — _ _ —_ 
6 yy % + + 0 1455 0'0172 0 099 \ 54 1 
8 ,, ” + +b = _ ca 216 
24 4; ” oa ie 0°I293 0 OOTO - _ 


It ‘may be seen from the above table that the value of K decreases from 
312 to 44°2 and then rises to 54.1. On further dialysis it again begins to 
decrease and comes down to 21°6 after 8 hours’ dialysis. The high initial 
value of K is due to the presence of reducing sugars originally present in the 
extract. The value of K falis for four hours during the progressive diffusion 
of the reducing sugars. ‘The increase in the activity of the enzyme, which 
occurs subsequently, can be traced to the rise m purity. ‘The fall in the 
value of K after further dialysis shous that during this stage considerable 
loss of enzyme takes place. <A period of 6 hours was, therefore, fixed for 
dialysis. - 
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Precipitation with Ammonium Sulphate—At this stage there are 
two courses that, are possible for further purification of the amylase 
“ viz., (a) absorption of the amylase on alumina followed by subsequent 
elution as adopted by Wilst&tter (Wilstiitter. et al., Z. physiol. Chem., 
1923, 124, 143; 1921 422, 72,), (b) precipitation of the amylase by 
(NH,)sSO, of a concentration of 25-35 g. of the salt per TOO ¢.c. 
of the extract as recommended by Sherman (Sherman, Caldwell and 
Doebbeling, J. Biol. Chem., 1934, 104, soz), followed by dialysis to 
remove the salt. Since the work of Willst&tter in this connection has 
been criticised by the later workers, the precipitation of the enzyme by 
(NH,),SO, was adopted. 

‘The dialysate obtained after 8 hours’ dialysis was divided into 4 portions 
of 50 c.c. each and poured over weighed ammonium sulphate in stoppered 
bottles, well shaken and left for 23 hours in a frigidaire. ‘The supernatant 
liquid was filtered off by upward microfiltration and the solids washed with 
alcohol and ether and weighed to get an approximate idea of the yields per 
too c.c. ‘The weighed fractions, obtained at different concentration of the 
(NH,),50., were then dissolved in double-distilled water buffered at pa 5°6 
using acetate buffer and made up to 25 c.c. and the activity measured taking 
5 c.c. of these solutions. 


TABLE II. 
Treatment. Total moist Molisch Cu,O by 5c.c Total solids K per g. 
solids. test. extract. in5cc. solids- 
extract. at 37°. 
Extract. _ + O"OI04 g. 0'2606 g. 12'2 
Dialysed 8 hours _ 0°0072 00994 22°2 


20 g. (NH,)gSO, per roo c.c. 0°5750g. Donbtful 0°0057 — zo 


308. 2 yy 45 0°8298 + 0’0162 00532 I00°0 
35 &- ds ” 0°9394 + o'0261 0°0405 219°2 
40 g. a) ‘ 09262 + 00100 0'0367 * 89 


It would be seen from the data that 352. of (NH,):50, per 1oocc. 
throw out the maximum quantity of enzyme of the highest activity and this 
concentration of ammonium sulphate, therefore, appears to be the best that 
could be utilised. ‘This is also in accordance with the findings of Sherman 
et al (loc. cit.). 

Precipitation with Alcohol —The enzyme fraction precipitated out by 
35 g. of (NH,)2SO, was dissolved in a known quantity of double-distilled 
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water and dialysed till free from SO,. _Total volume of the solution of 
enzyme, thus obtained, was kept as low as possible (S5c.c.) and enough 
absolute alcohol was mixed to obtain the resultant liquid of 50 % alco- 
holic strength (by vol.). On allowing to stand overnight at 4° in a frigidaire, 
a precipitate was thrown out which settled at the bottom and was separated 
by upward filtration The strength of the solution was then further raised 
to 60-75% alcoholic strength and the precipitate appearing was 
separated by upward filtration. It was dissolved in double-distilled water 
and its activity and optimum pz determined using acetate buffers (cf. Clark, 
“The Determination of Hydrogen Ions,”’ p. 219). 


Taig IIT. 


Starch concentration=1'5%. Time of reaction=1 hour. Temperature=37°. 


pu. K per g. solids pu K per g. solids pu. K per g. solids 
36 290° 5 5°8 340 8 58 302 6 
42 306'8 SI 3368 6'2 296 3 
4°5 320°7 5°4 318'5 67 290 § 
70 286'8 


The maximum value of the activity of the enzyme after the precipita- 
tion from (NH,)sSO, was 2192. As would be seen from the above table 
the activity increases further to a value of 340°3 after alcoholic precipitation. 

The optimum pz of the amylase in the purified state was found to be 
48. ‘This value agrees with the findings of Sherman et al (loc. c1t.), The 
amylase obtained from Kaseru, was similar tothe amylase from malt and had 
strong saccharogenic activity indicating the presence of B-amylase in larger 
proportions. Further investigation is in progress to separate the fractions 
during early stages of ammonium sulphate fractionation to recover the 
a-amyiase possibly having a high amyloclastic activity as against the amylase 
isolated in a purified state in the present paper. 

The author acknowledges his thanks to R.C. Srivastava, O.B.E., 
Director and Dr. H. D. Sen, Biochemist, Imperial Institute of Sugar 
Technology, «Cawnpore for their keen interest and encouragement in the 
work. 

DEPARTMENT OF BIOCHEMISTRY, 


TMPERIAL INSTITUTE OF SUGAR TECHNOLOGY, 
CAWNPORE. Received November 15, 1941, 


THE CYANINE DYES OF THE PYRIDINE SERIES. PART Ul. 
By M. Q. Doja AND DHANUSHDHAR PRASAD. 


‘  p-Dimethylaminobenzaldehyde has been condensed respectively with a-picoline- 
methoiodide, -ethoiodide, -propyl iodide and-butyl iodide; andthe chemical, dyeing and 
photographic properties of the compounds thus produced examined, with a view to in- 
vestigating the influence of change of structure on the properties of these dyestuffs, 
specially their sensitising power. 


_ In view of the great importance of 2-p-dimethylaminostyrylpyridine 
ne halides (I (I), 


dine. 7 alkyl radical ; 
: og 2 aD CH= CH- 0 age eaerere atom. . 
O 
; “xo 


as sensitisers, the influence of the change of anion (cf. Kiprianov and 
Schusser, Proc. Charcow State Univ., 1936, 4, 49) on the chenical, optical, 
and photographic properties of the methoiodide of (I), wasexamined by one 
of us and. “reported in, previous communications (Doja, J. Indian Chem, 
Soc, 1040, 17, 347; 941, 18, 281). Whereas in those communications 
X was varied and Y kept,unchanged, in the work to be described here- 
‘after, eS the anion, has been kept unchanged iodide), and Y¥ has been 
successively replaced by methyl, ethyl, propyl, and butyl, and the properties 
of the dyes, thus produced, have been examined (cf Mills and Pope, Phote- 
graph. J., 1920, 40, 91; Hamer, Heilbron, Reade and Walls, J. Chem. Soc. 
1932, 251). All these dyestuffs were prepared by the condensation of 
the appropriate quaternary iodide of o-picoline, prepared by slight modifica- 
tions of the methods of Murril (J. Amer. Chem. Soc., 1899, 21, 828), 
with p-dimethylaminobenzaldebyde i in presence of piperidine (cf. Barbier, 
Bull. Soc. Chim., 1920, 28, 427; K8nig and Treichel, J. pr. Chem., 1921, 
102, 63 ; Mills and Smith, J. Chem. Soc., 1922, 121, 2736; Mills and Raper, 
ibid., 1925, 2466). They are highly coloured, lustrous, crystalline 
compounds, showing characteristic reflexes. When-examined under a 
polarising microscope, they exhibit pleochroism, light of one colour being 
transmitted i in one orientation of the polariser, and another colour in an 
orientation at right: angles thereto. These properties of the crystals, 


5—1427P—3 
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together with their melting points, which show an-increase of about 10 
degrees as we descend the series, are given in Table I. 


Tase I. 
an “Pleochroism. 
Name. Mp. Shape. Colour by Colour Reflex. Colour of Colour after 
reflected through light in one rotation 
light. transmitted - position of through 
light. polariser. 90° 
(B) 274° Needles Vermilion Claretred Blue Yellowish Nearly 
red red ; opaque 
(C) 265° Rectangu- Reddish Orange Reddish Reddish Orange-red 
lar plates violet bine yellow 
(D) 255- Rhombs Maroon Orange-red Greenish Reddish Dui! red 
56° blne yellow ~ 
(BH) 245° Laminated Amethyst Deep orange Strong Golden red Opaque 
plates red blue-green nearly 


Being true cyanine dyes, they exhibit the general characteristics of 
this class of compounds. They are soluble in alcohol and water aud insoluble 
in non-ionising solvents like ether and benzene. ‘The solubility in alcohol 
and water decreases with increasing molecular weight, the butyl icdide being 
the least soluble among the four. The solution cf these dyestuffs is 
decolorised by mineral acids and the colour restoicd by treatment with 
alkalis. 

Aqueous and alcoholic solutions of those compounds are orange-yellow 
in colour, the yellow component increasing with dilution. ‘The relative 
intensities of the colour of solutions of these dyes have been determined 
colorimetrically and the. results aie shown in Table II. It is interesting to 
note that there is no regular increase or decrease in colour intensity in the 
series, the ethoiodide forming relatively the most intensely coloured solution. 


TasiE I. 
: Depth of the solution of 
° e (B) (Cc). (D). (BR). 
es , irs} 19°2 | 20 3 : 
~ 15 114 voce 19°3 19 3 20°3 . f[ 20°3 
11°5 } 193 | 20 3 r 
19°6 } 31’0 32°4 
24 197 fr9 7o 30°5 [ 30°6 32°4 [32"4 
3 . 198 J 30'S 32°4 
: 1°31 0°78 0°74 
Relative intensity I 1°26 ; 0°78 O74 
aed °"79 4 
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The aqeuous solution of these compounds dyes silk, cotton and wool 
in varying shades of orange-yellow, the reddish tinge of which increases witli 
ascent in the Series (Table III). Both neutral and acid solutions have been 
used, and in each case the same gradation in coiour is noticed. ‘The best 
colour. is produced on wool which can be dyed any colour ranging from 
light lemon-yellow, to deep orange-red by varying the amount of acid added ¢- 
to the dye-bath. These colours, however, are not fast éither to soap washing 
or to,sunlight. In the case of washing of silk, it has been observed that 
the fastness increases as we ascend the series. It has been further noted 
that wooi on exposure to sunlight loses ‘its colour much more slowly than 


either silk orcotton. : * 
seeaee 7 apie TL, 
rm ‘Colour Sioumeed on 
Name Cotton Silk. Wool. Remarks. 
- (B) Yellow- Bright orange- Yellow- 1. For-cotton and wool both neutral 
orange yellow orange and acid baths were used, the 


latter alwavs giving a weaker 
tint than the former. 


() Deep yel- Bright yellow. Orange 2. For silk only weakly acid baths 
low-orange orange were used “y 
‘(D) Orange Beene orange Orange 3. The increase in reddish tinge 
(reddish with ascent in the series is 
; tinge) most prominent in vool. 
. (a) Deep orange Bright orange Red-orange 
(reddish 
; tinge) 
Sao a : . TABLE IV. 
Name. ‘lotal range of Range of uuiformly intense Sensitisation. 
sensitisation sensitisation. Minimum. Maxinium. 
{B) 4250-6100 & 4450-5400 A soso & 5300 & 
(C) 4250 6000 = 4400-5400 5000 : 5250 
(D} 4250 §750 * 4450-5200 5000 5200 
. ; 5 
(H) 4300-6200” 4350-5750 _ 5050 _ $400 


Ta Tables I-IV, B, C, D, i refer respectively to the methoicdide, ethoiodide, propy | 
iodide and butyl iodide of the dye. 


We acknowledge with pleasure our indebtedness to the Government of 
Bibar for the grant of a research scholarship to one of us (D. P.). Our 
thanks are also due to Professor I,. M. Chatterjee of the Physics Department, / 
for valuable help in taking the sensitisation spectra. 
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The sensitisation spec- 
tra of these dyes together 
with that of an unbathed 
plate is given in Fig. 1. It 
will be seen that the butyl 
iodide shows an uniformly 
interisé, band from about A 
4350 to A5750. The short 
gap in the blue-green regi- 
on, which frequently occurs 
with sensitiser8 for the red 
and yellow region of the 
spectrum, is not found in 
this substance, Bearing in 
mind the comparative ease 
with which this compound 
can be obtained in the 
pure state, we regard it as 
a better sensitiser for this 
region than the German 
product “‘ Pinaflavol’’. For 
commercial purposes there- 
fore, we have named 2-p- 
dimethylaminostyrylpyridi- 
ne-butyl iodide, ‘‘ Sensitin 
Z’’. The methyl and the 
ethy] compounds give near- 
ly similar spectra, and the 
propyl compound produces 
a definitely poorer induced 
sensitisation. The salient 
features of the sensitisation 
spectra of these compounds 
are shown in Table IV. 


eo 





EXPRERIMENTAL,. 


Pleochroism.—These were determined by .neans of a Radial Resco 
| Microscope, fitted with a polariser. : 
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Colorimetry.—Duboscq colorimeter was used, the strength of the 
- solution being ig. of the dye in 250,000 C.c. of rectified spirit. 


Dyeing. —Cotton, mordanted with _tannic acid and fixed with tatar 
emetic, ‘‘scoured”’ silk, and carefully cleaned wool were used. ‘The 
fastness tests were carried out according ‘to the standard prescribed in 


Colour Index of the Society of Dyers and Colourists. - 


Sensitisation spectra were taken in the same way as desciibed by Doja 
(loc. cit.), except that the reference scale was-set up with -the help- of 
an Hdser-Butler plate; the wavé-lengths of the bands of which were 
determined by means of a grating spectrometer. ‘The solutions used were 
1:25;000 in rectified spirit, and the time of exposure was 3 minutes. 

' g-p-Dimethylaminostyrylpyridine-ethyl iodide.—p-Dimethylaminioben- 
zaldehyde (5g), «-picoline ethoiodide ‘(2°99 g.), and’ piperidine (1 c.c.) 
were dissolved in absolute alcohol (67°5 c:c.) and the solution boiled under 
reflux for 10 hours. The deep orange solution on cooling deposited ~a 
red crystalline substance which was récrystallised from absolite methyl 
alcohol, yield 5°5 g. (75°3 %). (Found : 'N, 7 52, 75851, 33 ‘56, 33 ‘58. 
CyHaiNal requires N, 7°37 ; I, 33°42 per cent). . 

2-p- Dimethylaminostyrylpyridine-propyl iodide. a ‘solution of 
a-picoline propyl iodide (4°5 g.), p-dimethylaminobenzaldehyde (7° 84 g. ), 
and piperidine (x ¢.c.) in absolute alechol (65 ¢ c.) was boiled under reflux 
for 6 hours. ‘The orange-red solution was allow ed to cool and the solid 
deposited was recrystallised from | methyl alcohol, yield 548. ‘(80° 6%). 
(Found: N, 7°25, 7°3r3 I, 32°52, 32°32. CisHasNal requires N, Oat; 

I, 32°25 per cent). 


_ ap-Dimethylaminoslyrylpyridine-butyl — iodide.—a-Picoline butyl 
iodide (3°3 g.), b-dimethylaminobenzaldehyde (1°77 g.), absolute alcohol 
(35 c.c.) and piperidine (o'5 c.c.) were heated together to a brisk boil “in a 
flask with a condenser. Crystals soon began to separate from the deép 
orange-red solution, but the heating was continued for 8 hours. The 
filtered dye was dried im a vacuum desiccator, and recrystallised from 
absolute methyl alcohol, yield 4-05 g. (84%). (Found: N, 7'ox, 703} 
i 31°07, 30°9- CypHysNal requires N, 6°86; I, 31°12 per cent). rE 
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MAGNETIC STUDY OF PHOTOTROPIC COMPOUNDS. 
MAGNETIC SUSCEPTIBILITIES OF p-DIMETHYLAMINO- 
AND p-DIETHYLAMINO-PHENYLIMINOCAMPHORS, 


By MAHAN SINGH AND TILAK Raj Dart. 


Changes in the values of magnetic susceptibilities of p-dimethylamino- and 
p-diethylamino-phenylimmocamphors with exposure to light have-been studied Attempts 
have been made to explain the results obtained in the light of the formation of free 
radicals. 

Bhatnagar, Kapur and Hashmi (J. Indian Chem. Soc., 1938, 18, 512) 
measured the magnetic susceptibility of a large number of phototropic 
compounds and did not find any change in the magnetic susceptibility 
value of these substances on exposure to light. This shows that all of 
them are perhaps identical in constitution and the difference in colour 

may be due to their states of aggregation being different. 

The view that phototropic change involves a polymerisation or depoly- 
merisation (Padoa, Atti Acad. Lincet, 1913, 22, 1500) also is not supported 
by these observations. Had there been any polymerisation, it would have 
been accompanied by a change in the magnetic susceptibility on exposuie 
to light. ; 

The present investigation deals with the magnetic susceptibilities of 
p-dimethylamino- and p-diethylamino-phenyliminocamphors (Singh and 
Singh, J. Indian Chem. Soc., 1935, 12, 219, 768) both of which are 
phototropic. 

EXPEHERIMENTAL. 


p-Dimethylammophenylimtnocamphor, prepared by the method of 
Singh and Singh (loc. cit.) gives a poor vield with a lot of tarry products 
which render the separation and putification very dificult. The methcd 
was, therefore, modified as follows. 

p-Dimethylaminoaniline hydrochloride (25% more than the inolecular 
quantity) was treated with a solution -of caustic potash. The free base 
liberated was extracted with ethe: and the ethereal solution was repeatedly 
washed with water. It was then dried over anhydrous calcium chloride 
and evaporated to a small bulk (5 c. c.). Molecular quantity of cam- 
phorquinone and a little anhydrous sodium sulphate were added and the 
mixture was heated for three hours on the water-bath. After cooling, water 
was added to precipitate the compound. It was recrystallised from 60% 
alcohol as a light brown fluffy crystalline mass, m.p. 1:5'5° after deepening 
in colour. 
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p-Diethylaminophenyliminocamphor was prepared by a method exactly 
similar to the one described above. It was crystallised from dilute alcohol 
into light orange heedles melting at 102°5° to a deep red coloured liquid. 

p-Dimethylamino compound is yellow and becomes deep yellow with 
an orange tinge on exposure to light. p-Diethylamino compound is, 
however, light orange, becoming scarlet on exposure. 


p-Dimethylamino Compound. 


This compound shows diamagnetism but the value is found to increase 
gradually tillit becomes paramagnetic, if the substance is not protected 
from light as the following figures indicate. 

Obs. "a "3 3 


x x08 —o 883 —0°322 + 0°980 

If, however, the substance were kept in the dark, the observed value 
even-after three days was found to be -0°881x 107° i.e. it did not change 
at all, . 

It is, however, evident that exposure to light profoundly affected the 
x-value of this compound. ‘The influence of exposure to light for different 
intervals of time was, therefore, studied and the results obtained for two 
different samples under experimental conditions are represented in ‘Table I. 


- Taney I. 
Magnetic susceptibility « 108 
-Time of - Sample in bulk Sample Sample in 
exposnre. No. 1 _ No. % in tube. CeHe-soln. 
o min —o 883 —o 881 —0°8808 —0°8806 
5 +OoQrr —o' 199 —0'8174 +1057 
10 +1074 +1068 —o 8032 ~ 1082 
IS +1077 +1088 ~0° 7880 * +1°085 
20 +1074 +1°080 —~0°7745 +1085 
30 _ +1'0Q1 —0°7423 on 
40 = co ~0°7430 _ 
45 — +1085 = _~ 
50 a: = —0°7427 0S ~ 
60 — +1 087 —0°7432 pan 


80 ae _ —0°7432 = 
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Columns 2 and.3.of Table I represent results for two different samples 
- exposed -to light, in bulk under identical condition. Column: 4 embodies 
the values .when the sample was exposed to sunlightdn a tube.- In this 
case the value falls from —0°8808 to -—0°7423 after 30 minutes, after which 
further exposure has no effect. . This probably suggests that only the 
‘surface layer is affected by light. . . 

With a view to throwing, if possible, further light on the mechanism 
of this process, magnetic study of the substance in benzene solution was 
also made (result in column 5, Table I). ‘This substance was dissolved in 
benzene (A. R. quality) to have 1% solution. The susceptilbility value of 
benzene was previously, determined to be ~—o’7108x10°° T he same values 
for the solution after exposure to light for different intervals of tinie were 
determined, from which the values for the solid solute were deduced 
according to the formula, 


: EO: pena ah eee 
ae  X soln “Et 100 Xsolvent 
my Xaolid =" =Plagy a1 


where P-represents the weight of the solid compound in 100 g. of the_solu- 
tion. It may be mentioned here that in ali the above cases, if the sample.be 
not exposed to light but preserved in the dark, the x-values obtained do_ not 
materially differ from the original value, the values being —0°8774 x 1078 
and —o'88or X 107° for columns 4 and 5 respectively (Table I). 


p-Diethylamino Compound. 


A similar study was made in the case of p-diethyl compound. Table IT 
records the values of- magnetic susceptibility when the compound ‘was 
exposed to light in bulk for different intervals of time and the changes 
in colour also noted. 


Tasiy IT. 
Time of exposure. : x x 108, Colour. 
o min. —0° 6988 Deep yellow 
5 —o 3336 Brownish red 
15 —9°3087 . ” 
30 a —0°2406 : Deep brown 
45 : —0'2088 Deep brownish red 
“~ 60 —o0'2085 = 


55 ; —0'2080 Se a7 
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It was noted that the compound, when exposed to light, assumed a 
scarlet colour, but as soon as it was removed from light, the scarlet colour 
bagan to fade. After about twelve hours it regained its original. yellow 
colour. 


Hence to determine the x-value of the compound, when it had the 
~ gscarlet-red colour, the surface of the compound was exposed to reflected 
light, while the specimen tube was at the balance and the reading was taken 
when scarlet-red colour was assumed by the compound. 


Table III shows the effect of light on the surface of the compound 
(when the colour was scarlet). 


Tasty III. 
Time of exposure. x x08, Colonr. 
o min — 0° 6988 * Yellow 
5 +1'738 Scarlet 
0 , +1'7298 ” 


Singh and Singh (loc. cit.) asa result of the study of optical rotations 
of these two compounds have come to the conclusion that they show 
geometrical isomerism. Bhatnagar, Mathur and Neogi (Z. Physik, 
1930, 69, 373) have, however, shown that although geometrical isomerides 
show difference in the values of magnetic susceptibility, the difference 
is not very marked, being, in their case, of the order 0'032%10" to 
0°052 X 10’ only. ; 

‘The compounds under discussion are diamagnetic to start with and 
become paramagnetic on exposure to the action of light. This, however, 
does not support the view that the compound becomes converted into its 
isomeride and the paramagnetism may be indicative of either polymerisation 
or the production of free radicals. In the case of styrene, however, Bhat- 
nagar, Kapur and Kaur. (J. Indian Chem. Soc., 1940, 17, 173) have 
shown that the large change obse1ved in the susceptibility value of styrene 
on polymerisation cannot be explained only on the constitutional changes 
involved during the process of polymerisation. They have suggested that 
under the influence of magnetic field, an isotropic moiecule of polystyrene 
orientates along the lines of foice and gives the high susceptibility value 
observed. A similar view could be advanced in the case of these com- 
pounds, but the restoration of the original value on keeping the substances 
in the dark does not lend support to this. It is, therefore, probable that 
the substances produce free radicals when exposed to the action of sunlight. 
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In the free radicals. molecules are supposed to contain an odd number of 
eléctrons, which, as is commonly known, results in the paramagnetism of the 
molecule due to the existence of resultant spin moment. Theoretically the 
maximum magnetic moment of the substance on exposure to light should 

“approach the value of 2X 1'73=3'46 Bohr magneton (since the spin moment 
of an unbalanced electron in each radical should contribute a value of 1°73 
Bohr magnetons). ‘This will hold good only if the conversion is practically 
complete on exposure to light. It is obvious that the decomposition js only 
slight and the experimental values of magnetic susceptibilities become 
constant after a short time (vide Table I). 

The molecular weight determination of the substance in benzene solu- 
tion by freezing point method shows no sign of difference before and after 
exposure to sunlight. This method, as expected, is not of much help to 
indicate the formation of free radicals as tentatively represented by the 
equation given above. 

The work which piesented unusual difficulties as regards the prepara- 
tion of these compounds is being continued. 


The authors thank Dr. P. L. Kapur and Mr. A. Qayyum for help in 
this investigation. 
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THE CONSTITUTION OF CALYCOPTERIN, THE YELLOW 
oe _COLOURING MATTER OF THE LEAVES OF 


oo 


Paes CALYCOPTERIS FLORIBUNDA - 


*_., By R. C. Swag, V? v. Viexie a  VuNEATARAMAN. 


‘The constitntion of calycopterin, the vellow colouring matter of the leaves of - 
Calycopteris floribunda, is shown to be 5 :4’-dihydroxy-3 :6:7:8-tetramethoxyflavone, . 
since methylation with diazomethane under stated conditions. gives a hydroxypenta- 
methoxyflavone, one hydroxyl thus resisting methylation. Further, the dimethyl 
ether of calycopterin could be partially demethylated to a hydroxypentamethoxyflavone, 


. Having partially formulated calycopterin as (I) (Ratnagiriswaran, 
Sehra and Venkataraman, Biochem. J., 1934, 28, 1964), four possibilities 
(II, III], IV, V) remained to be considered. The ease with which calyco- 
pterin gave a dimethyl ether, the latter being obtainable also by the action of 
methyl iodide and a hydroxide in methyl! alcohol and the preparation 





MeO O 
(OMe'; a: a cl -_ < on 
(OH) OU ie OMe ae Joos 
a ae 
ie (II) 
HO MeO MeO 


ie ae MeO’ » 


4 HOV yy . 
MeO MeO MeQ 
(111) (IV) (V) 


of a dibenzy! ether whose alcoholic solution did not exhibit a colouration’, 
with ferric chloride (cf. Gulati and Venkataraman, J. Chem. Soc., 1936, 267) © 
appeared to exclude formula (LI). On methylation by diazomethane, however, 
only one hydroxyl group (4’) was methylated, and the monomethylcaly- 
_copterin, characterised by the formation of an acetyl derivative, exhibited the 
characteristic properties of a 5-hydroxyflavone, such as intense colouration 
with alcoholic ferric chloride, insolubility in dilute alkali and the formation 
of sparingly soluble yellow potassium and sodium salts with alcoholic 
potassium and sodium hydroxides respectively. As the hydroxyl group 
is thus shown to be in the 5 position, the three methoxy groups must 
be in bosons 6, 7, 8. Calycopterin way now, therefore, be fully formulated 


ate 
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as 5:4/-dihydroxy-3:6:7:8-tetramethoxyflavone (II), the flavone thus 

falling into line with the suggestion of Bose and Nath (J. Indian Chem. 

Soc. +» 1938, 18, 139) that in partially methylated polyhydroxyflavones 

occurring in nature, the hydroxyl in the 5-position is as # rule not to be 
found i in the methylated condition. 


Hydrogen Bromide. as a_ reagent "for Preferential Denainvistion== 
Dimethyicalycopterin was treated with hydrogen bromide in acetic acid 
_, -at room temperature and the resulting compound was found to be identical 
” « with monomethylcalycopterin obtained by methylation of calycopterin 
‘with diazomethane, preferential demethylation of the 5-methoxyl group 
having taken place. This .observation is of interest, as hydrogen biomide 
in acetic acid has not been previously employed for the preferential 
demethylation of the 5-methoxyl group in flavones, the reagent suggested 


MeO MeO O 
10 e-< OMe sh Me0/ Ch < Some 
MeO, / les OMe ee OMe 
aoe on ae pA 
- Dimethyl! sulphate f Diazomethane 
Calyéopterin 


earlier being aluminium chloride (Gulati and Venkatarainan, Current 
Sc’ence, 1933, 24, 50; Gulati and Venkataraman, loc. cit. ; Mahal and 
Venkataraman, ibid., 569). An interesting point with regard to this method 
is that it does not demethylate the 3-methoxyl group as aluminium chloride 
.does (Mahal and Venkataraman, Cusrent Sctence, 1935, 4, 311) In order to 
confirm that hydrogen bromide in the cold does not attack the methoxyl 
group in the 3-position, 3-methoxyflavone has been treated with it at toom 
temperature when the ether remains unaffected, but when the reaction 
_.miixture is heated on the water-bath, 3-hydroxyflavone is formed. 
Hydrogen bromide is, therefore, a moie facile reagent than aluminium 
chloride for preferential demethylation. 


On the strength of a report from the Pharmacology Research Officer, 
Medical College, Madras, and the statement of Nadkarni (1927), anthel- 
minthic properties were ascribed to calycopterin in a previous communication 

'(Ratnagiriswaran et al, loc.cit.). Mahal (Proc. Indian Acad Sci., 10937, 
5A, 186) has more recently studied the anthelininthic action of calycopterin, 
chrysin, genkwanin (Mahal and Venkataraman, loc. cit.), 7-hydroxyflavone 
and 6-hexyl-7-hydroxyflavone (Dhingra, Uppal and Venkataraman, Proc. 
Ind. Acad, Sct., 1936, 8A, 206) in vitro by directly immersing round 
worms (Ascaris lumbricoidcs), tape worms (Tenia serrata) and leeches (Hirudo 
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medicinalis) in solutions of various concentrations. None of the flavones 
possesses any anthelminthic 01 geimicidal properties. ‘The Rideal-Walker 
.coefficients are all less than unity. 


EXPERIMENTAL. 


‘ 


' Tivo slight - modifications in the procedwie for the isolation of caly- 
_copterin afforded an dinproved yield (0°23 g. from 100 g. of air-dried leaves). 
"The leavés were not Soxhletted, but refluxed with two lots of acetone ; 

. the residue after removal of acetone was vigorously shaken with I50 c.c, 
‘of’ petroleum ether (bp. 50 °-60°) and filtered, the process ‘being repeated 
thrice. 


| Calycopterin Dibenzyl Ether.—Benzylation of calycopterin (1 g.) 
with ‘benzyl chloride (20 g.), potassium carbonate ‘(16 g.) and acetone 

" (1§0 cic.) during 32 hours gave the dibenzyl ether, which crystallised from 
alcchol-acetic acid in pale yellow needles (1’25 g.), m.p. 185°. (Found : 
G, 71°0 ; H,'5°6." CssHs0Os requités’C, 71°4 ; H; 5°4 per cent). ; 

Methylation of Calyropterin by Dimethyl Sulphate : ‘ Forma- 
lion of Diméthylcalycopterin’ (3:4':5:6:7:8- Hexemethoxyflavone) —To a 
“mixturé “of” calycopterin (0's g.) and acetone (zo c.c.), dimethyl sulphate 
(5g). @ and potassium hydroxide solution (15 g. of 30%) were added 
alternately; keeping the mixture ‘always alkaline. Finally more acetone 
(Sc.c.) was-‘added dnd’ the ‘mixture heated on the water-bath for about 
¥ hour. ‘The product,’ which separated’ on cooling and diluting the 
‘mixtiire with ‘water, crystallised’ from aquéous acetone in pale: yellow 
needles, m:p. 131°. -Ratnagiriswaran and others (loc. cit.) recorded the 
melting point 131° after sintering at 127°. 

Methylation of Calycopterin by means of Diazémelhane: Formation 
of’ Moromethylcalycopterin (s-Hydroxy-3.6:7:8:4'-pentamethoxy flavonc). 
-Calycopterin (0°3 g.) was dissolved in excess of inethyl dlcoliol (30 c.c.) ; 
diazometHtine “in excéss ‘(3 mols) dissolved‘in dry ether was ddded and 
the ‘reaction ‘mixture kept at 0°- overnight. The yellow solid obtained 
after allowing ether dnd~alcohol’ to evaporate was treated with sodium 
hydroxide (2N). The solid jwas filtered off at the pump, washed 
with water and crystallised from absolute alcohol. The substance crystalli- 
sed in brownish yellow needles, m.p.124°. With alcoholic ferric chloride 
solution it gave a fairly deep green colouration.- It was prdctically 
insoluble in dilute sodium hydroxide, but gave the sparingly soluble yellow 
potassium and sodium salts with alcoholic potassium and sodium 
hydroxides respectively. (Found: C, 62°2; H, 573. Cs pH2O, requires 
C, 61'9; H, 5°2 per cent). 
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Demethylatton of Dimethylicalycopiciin by Hydrogen Bromide in 
Acetic Acid——A warm solution of dimethylcalycopterin (o1.g.) in 
glacial acetic acid (x'5 c.c.) was treated with 50% lydrogen bromide-in 
acetic acid (1 c.c.) and the reaction mixture was kept oveinight. It was 
then diluted with water and extracted with ether. ‘The ethereal extract 
was washed first with dilute sodium hydioxide solution and then with. 
wate. Ether was allowed to evaporate and the yellowish solid obtained 
was crystallised from alcoho]. It ciystallised: in ,biownish yellow necdles 
melting at 124° , not depressed by admixture with the compound obtained 
by methylation of calycopterin with diazomethane. ue 

5-Acetoxy-3:6:7:8:4'-pen latieihoxyfavones-Hydroxy-9i6:7:8:a’4 enta- 
methoxyflavone (o'2 g.) was heated under reflux on a sand-bath with 
acetic anhydride (x c.c.) and a few drops of pyridine for 14 hours. On 
cooling and diluting with water, thé product crystallised fiom alcohol in 
colourless needles, m.p. 107°. (Found: C, 626; H's 50 " CaoH nO, 
requires C, 61°4 , H, 5°x per cent). ‘ 


+ L ost 


Demethylation of 3-Methoxyflavone. —ti) A iniature -of 3- -methoxy- 
flavone. (o'5 g.), glacial acetic acid (4 c.c.) and hydrogen bromide in 
acetic acid (5 c.c.) was kept for 48 hours at room temperature. It was 
then diluted with water and the separated -product was crystallised from 
alcohol, m.p. 114°, not depressed by admixture with 3- -methoxyflavone. 


, (ii) A mixture of 3-methoxyflavone (0° 58.), glacial acetic acid, Aa Gs oi). 
and hydrogen bromide in acetic acid (5 c.c.) was heated on the water-bath 
for r hour. It was then diluted with water and the sepaiated preduct 
was crystallised from alcohol, m.p. 168-69°; no depression was observed 
in the mixed melting point of this compound with 3-hydroxyflavone. 


(iii) 3-Methoxyflavone (o'5 g.): was thoroughly mixed with .excess 
of anhydrous aluminium chloride (1 g.), and the mixture was heated 
at 100° for 2 hours. The reaction mixture was then treated with diiute 
hydrochloric acid, and the dark coloured prcduct was extiacted with ether. 
The ethereal layer was shaken with dilute sodium hydroxide solution, and. 
the alkaline layer acidified with dilute, hydiochloric acid. The ‘precipitate 
when crystallised from alcohol, had m.p. 169° and was identified..as 
3-hydroxyflavone. : ; 
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‘THIOKETONIC ESTERS. PART X. - 


By K. Caanpra. N. K. CHAKRABARTY AND S. K. Mirra. 


Cyclic 8 thioketonic esters have been synthesised and investigated ‘Ihe mechanism 
of the reaction of an unsymuucetrical triad system with the aldehydes has been established 
‘They have been urea? in the synthesis of ee ear 


“feo d s + 7 ’ Se 
i 


1 ? 5 i og « ‘6. 

“The prototropic system present in chain f-thioketonic esters js in 
principle. very much like that present in theit oxygen analogues, excepting 
that the resonance isomer, which i is predominating. in the former, is otherwise 
in the case of, the | latter asa result of which there is a profound tendency, 
of the former to give rise to Ss ethers, and the latter C-ethers during, substitu- 
‘tion at the reactive centres (Mitra, a. Indian Chem. Soc. +» 1933s 10, 
75 et seq). 


Again, there is alsoa great tendency of ‘‘C-C-S’’ system to release 
anions in presence’ of electrophilic reagents and naturally so due to pro- 
nounced, ce effect, as the peripheral electrons of sulphur are much further 
away from the nuclear effect than those of oxygen. This dual nature of a 
prototropic system could not be observed in system hitherto studied as the 
members concerned were always siinplest members of the groups of periodic 
table. This great tendency in the case of thioketonic esters to liberate 
anions (SH™~) always gave difficulty in isolating the intermediate compound. 
(I) which invariably decomposed in the presence of a condensing ugent 
- giving rise to thioaldehydés (Mitra, J Indian Chem. Soc., 1938, 18,-r29). 


~ 


Roe 


ed . OH ° *° _., OF 
CHO+XC'SH:CHX’SR'CHE > HCL R CH(—>(R CHS); 
aw SCX:CHX” | SH 


(1) (Ia) -- 
-[R and X=alkyl or aryl; X/=CO,Et]. 


Due to-réasoiis unknown at present, cyclic thioketonic esters which have 
been synthesised by the orthodox ‘method (Mitra, J. Indian Chem. Soc. 3 
1933, 10, 71) have been found less susceptible to reagents that help releasing 
anions from such systems. The alkylated products do not liberate mercap- 
tans even on boiling with acids. They react with aldehydes in the thiol- 
phase as anticipitated giving rise to hydroxy sulphide (II), which soon after 
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& 
Cs -CH'R Ties 
CeHlan | OH “soutien ‘| : 
C= COglit be 
{CO 
(11) (I11) 


the liberation, lactonises to (ILI). These lactones are very stable compouimds 
and unlike chain-thioketonic esters cannot furnish the thioaldehydes 


(Ia). These are new heterocyclic Ropounds and have been naimed™”’~ 


ct 


metathioxines.”’ 

It is interesting to note that somewhat different rotite is chosen by 
B-thiocyclopentanone carboxylic ester in the reaction.’ The hydroxy 
compound, previously described, instead of undergoing’ intertial Jactonisa- 
tion reacts with another molecule of the ester in thiol-phase to give 
rise'to a sulphide (IVa). ae 





R’ 
er 
Cs ue cs CHES'C ee 
cand] ‘oasis ated] Des 
CCOsR * 
| 
| Scotts COR ae 
ROC 
(TV) (IVa) 


This is in agreement with what has been ~ forestalled that the thiolised 
ester primarily adds to the carbonyl group giving rise to hydroxy sulphide. 

a-Halogenated fatty esters have been condensed with the keto esters. 
The resulting products have been cyclised to give rise to thiophene bodies 
(VIII). Thiocyclohexanone carboxylic ester under this condition fui nishes 
hexahydrothionaphthene (Va). Thio-thiol has been estimated by the iodo- 
metric method (Mitra, J. Indian Chem. Soc. 1938, 15; 205). 


t CH-CO CH-C(OH) 
pe COsE Sf a / i 
> C CHa CsHe( C CH 
CoFio «fn cette iw ee WY 
Ss ses . 
oxi COgEt COoEt 


(Vv) ~ (Va)' 
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C.SR' ere C.SR’ 
Caltad | CHy CCH Cats <| 
C.COaR \Z ez C.COgR 
(VI) | (VII) 
COgEt : 


COgEt 
(VIII) 


EXPERIMENTAL. 


Preparation of Thio-ester.—The cyclic keto-ester was dissolved in 
ethyl aleohol (10 g. in 4o c.c.), saturated with dry ‘hydrogen chloride 
at 0°, and hydrogen sulphide was passed (24 hours) through the solution 
standing over ice , the oil that separated was extracted with benzene. The 
benzene solution was washed with dilute sodium carbonate, and dried over 
anliydrous sodium sulphate. The benzene was removed, and the residual 
oil distilled under reduced pressure. The following compounds were thus 
prepared : ethyl thiocyclopentan-1-one-2-carboxylate, b. p. 110°/5°'5 mm. 
(Found: C, 56'0, H, 773; S, 18°'2. CsH.,0,S requires C, 55°8; H, 6'9; S, 
18'6 per cent). Ethyl thiocyclohexan-1-one-2-carboxylale, b.p 112°/6 
min. (Found: C, 57°9; H, 7°36. C,yHi.OsS requires C, 58'07 ; H, 7's2 
per cent). 

‘Hydrolysis of Thio-esters—When the above thio-esters (5-10 g.) were 
refluxed (4-6 hours) with 10% ‘barium hydroxide (100 c.c.), only a smal] 
amount of the corresponding thio-acids was isolated. The yield was, 
however, considerably increased by the following process. 

The thio-ester (2-2°5 g.) was taken in alcoholic sodium hydroxide (25 c.c. 
of 33%), and the mixture immediately heated on a water-bath (20 minutes). 
‘It was then quickly cooled over ice, the mixture acidified with dilute 
hydrochloric acid in the cold, rapidly filtered, and dried at 60° cautiously 
under suction. The crude acid was crystallised from a mixture of dry ether 
and petroleum ether (b.p. 80°-90°) giving glistening flakes (yield 00%). 
Following acids were isolated :—Thiocyclopentan-1-one-2-carboxylic acid, 
m.p- 122° (decomp.). (Found: S, 21°9. C,H,0,5 requires S, 22°2 per 
cent). Thiocyclohexan-1-one-2-carboxylic acid, m.p. I15° (decomp.). 
(Found : C, 52.9; H, 6°6. C,H,,O028 requires C, 53°2; H, 6°3 per cent), 


e 
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Preparation of Alkyl and other Derivqtives.—The thio-ester in sodium- 
dried benzene was slowly added to emulsified sodium, suspen ed in dry 
benzene at o°. When the 1eaction had abated, the mixture was left (8 hours) 
at the room temperature (25°). Alkyl halides were then added and the 
mixture refluxed (6 hours). The product was cooled and treated with 
excess of water contaming a few c.c, of hydrochloric acid and the benzene 
layer was.collected and dried. The bénzene was removed and the residual 
oil distilled. Following compounds were prepared : 

Ethyl 1-ethylmercaptocyclopentene-2-carboxylate (VI, R=R’=Et), 
b.p. 315°/6 mm., from ethyl thiocyclopentanone-2-carboxylate (9 g.), 
ethyliodide (32 g.), and emulsified sodium (1g.). (Found: S, 15°6. 
CyoH,,0.S requires S, 160 per cent). Ethyl 1-methylcarbethoxymercapto- 
cyclopentene-2-carboxylate, (VI, R=Et; R’=CH,CO-Ft), b.p. 170°/3 mm., 
from thiocyclopentanone 2-carboxylate (10 g.), ethyl monochloro- 
acetate (19 g.) and emulsified sodium (1°5 g.). (Found: S, 12°7. CisH1s0.5 
requires S, 124 per cent). Ethyl  1-elhylmercaptocyclohexene-2- 
carboxylate, (VII; R=R/=Et), b.p. 125°/3 mm., from ethyl'thiocyclo 
hexanone-2-carboxylate (11 g.|, ethyl iodide (23 g.) and molecular sodium 
(x8 g.) (Found: C, 6x°4; H, 8°56. .Ci,HisO.S requires C, 61°6 
H, 84 per cent): Ethyl s1-acetylmercaptocyclohexene-a+carboxylate, 
(VII, R=Et; R’=CO'Me), b.p. 132°/5'mm., from thiocyclohexanone-2- 
carboxylate-(10 g.), acetylchloride (5 g.) and molecular sodium (1'1 g.).. 
(Found : C, 57°8; H, 7'r; S$, 13°5.. Ci:HisOsS requires C, 57°9; H, 7°09; 
S, 14/0 per cent). 

Hydrolysis of the above Alkyl Derivatives.—The thio-esters (VI & VII) 
were dissolved in alcoholic sodium hydroxide (10 c.c.) in the cold: and kept 
at room temperature for 8-10 hours. The mixture was cooled in ice and 
acidified with dilute hydrochloric acid in the cold. The solid which 
separated was dissolved in sodium: bicarbonate and liberated by dilute 
mineral acid, and crystallised from acetic acid (charcoal). The following 
compounds were obtained: | : £72 

1-Ethylmercaplocyclopentene-2-carboxylic acid, (VI, R=H; 
R/=Et), m.p.. 177°, .from thjo-ether (VI, R=R’/=Iit, 5 g.) and sodium 
hydroxide (x’4 g). (Found: C, 55°6; H, 69; S, 184. CsH.,0.S 
requires C, 55°8; H, 6'9;.S, 186 per cent). 1-Ethylmercaptocyclohexene- 
a-carboxylic acid, (VII, R=H, R’=Et})pm.p. 146° from thio-ether (VIII, 
R=R’=Ht, 5 g.) and sodium hydroxide (2 g:). (Found. C, 57'9; H, 7'4 
C,H,,0.28 requires C, 58°0 ; H, 7°5 per cent). : ; 

The thio-ether (VI, R= Et, R/=CH.CO,Et, 9 g.) was gradually added 
to molecular sodium (1 8g.) suspended in dry benzene (150 cc.). It was 
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then left at the room temperature (25°) overnight. The sodium salt thus 
precipitated was washed with a few c.c. of benzene. This was then 
decomposed by dilute hydrochloric acid in the cold, and was extracted with 
further quantity of benzene, dried, and benzene distilled away. The residual 
oil, thus left, was distllled, b.p. 140°/5 mm. ‘his on keeping solidified 
to greenish needles, m.p. 54°. (Found. S, 15°6. ©,.H,,0,S requires S, 
15’ per cent), This gives an indophenin reaction with isatin in the 
presence of concentrated sulphuric acid and gives a phenolic colour with 
ferric chloride (VIII). 

3-Oxy-7-carbethoxy-4 :6-dihydrothionaphthene (Va).—To a suspension 
of emulsified sodium (1x2 g.) in sodium-dried benzene (50c.c) cyelo- 


- hexanone-2-carboxylate (15 g.)} was slowly added in the cold. After the 


completion of the reaction, it was left at room temperature (25°) for 8 hours. 
Ethyl monochloroacetate (8 g.) was then added and the mixture was refluxed 
(16 hours). On cooling it was then treated with excess of water containing 
a few c.c. of hydrochloric acid and was extracted with further quantity of 
benzene, the benzene dried, and removed. The residual oil was distilled 
at 150°-52°/4°5 mm., which solidified on keeping to thick elongated plates, 
m.p. 59°. (Found: S, r4‘r. C,,H,,038 requires S, 14°2 per cent). 
Condensation of Aldehydes with Thio-acids or Thio-este1s, (VI & VU, 
R=H; R’=H or Et).—The thio-acids or thio-esters were dissolved in alcohol 
(5 c.c.) saturated with dry hydrogen chloride at 0° and mixed with aldehydes 


-in equimolecular proportions, and allowed to stand over ice (x hour). The 


solid separating was collected, washed with ice-water and crystallised from 
acetic acid or alcohol. ‘The following compounds were prepared from 
thio-acids (VI, R=R!/=H) :— 
Di-(1-carboxy-A’-thiocyclopentenyl)-p-methoxyphenylmethane (IVa, 
R=H; R’=C,H,OMe), m.p. 185° (decomp.), from thio-acid (x g.), and ‘ 


-anisaldehyde (1 g.). (Found: S, 15°3. CsoH3,30,S, requires S, 15°7 pet 


eent). Di-(1-carboxy-A’-thiacyclopentenyl)-phenylmethane (IVa, R=H:; 
R/= Ph), m.p. 221° (decomp.), from thio-acid (1 g.) and benzaldehyde 
(1 g.). (Found: S, 17°1. Cy,H..O.Ss3 requires S, 17’0 per cent). Di- 
(x-carboxy-A'-thiocyclopentenyl) cimnamylidinemethane, (IVa, R=H; 
R’=CH=CH'Ph), m.p. 127° from thio-acid (1 g.). and cinnamic 
aldehyde (5 g.). (Found: S, 15°3. CaoH320,S, requires S, 15°7 per cent). 

The following compounds were obtained from thio-ester .(VI, R=H; 
R’=Et): Di-(1-carbethoxy-A'-thiocyclopentenyl)-p-methoxyphenylinethane, 
(IVa, R= Et; R’/=C,H, OMe), m.p. 118°, from thio-ester (x g.) and 
anisaldehyde (1 g.). (Found: C, 61.9; H; 66; S, r4'r. CxH3.0,5, 
requires C, 62°3; H, 64; S, 13°9 per cent). Di-(1-carbethoxy-Al-thio- 


a—1427P—4 


144 6K. CHANDRA, N. K. CHAKRABARTY AND 8. K, MITRA 


cyclopentenyl)-4-hydroxy-3-methoxyphenylmethane, [IVa, R=Et; R/= 
C.H3-(OH) (OMe)], m.p. 136°, from  thio-ester (1'3 g.) and. vanillin 
(x g.). (Found: C, 59'9; H, 65. CssHseO0.Sa requires C, 60°2 ; H, 6°3 per 
cent). Di-(1-carbethoxythtocyclopentenyl)-phenylmethane (1Va, R=Et: 
R’=Ph), m.p. 140°, from benzaldehyde (1 g.) and thio-ester (1.2 ), (Found: 
C, 63°64 ; H, 64. CosHgO.S2 requires C, 63°88; H,6°7 per cent). The 
molecular weight of this ecmpound was determined by freezing point method 
in benzene solution. (Found: M.W., 424. CassH9,0,S. requires M.W., 
430). ‘The corresponding simple methane analogue, m.p. 117° (IVa, R=Et; 
R’=H), from formaldehyde (2 c.c. of 40% aq. scin.) and thio-ester (1 g.) 
(Found: S, 17°6. Ci7HesO.S, requires S, 18’0 per cent). 

The following compounds were prepared from the thio-acid (VII, R=R’ 
=H) : aKeto-By-letramethylene-u phenyl-thioxine, (III, R=Ph), m.p. 85°, 
from benzaldehyde (1 g.) and thio-acid (1g.) (Found :-C, 67'9;.H, 5’9. 
Ci4Hy,0.8 requires C, 68'2; H, 5°7 per cent). The corresponding 2- 
(3'-methoxy-4/-hydroxy)-pheny] analogue (III, R=HO. C,H;’OMe), m.p. 
178° from vanillin (1g.) and thio-acid (rg.). (Found: C, 61°5; H, 5°4. 
CysH 10,5 requires C, 61°6; H,5°5 per cent). The 2-(3'-methoxypheny]) 
analogue, (III, R=CsH,'OMe), m.p. 124°, from thio-acid (z g.) and anisal- 
dehyde (0’5 g.). (Found: C, 65°3; = 6'0. CisH1.OsS requires C, 65'2; 
H, 5°8 per cent). 

-Benzaldehyde was similarly condensed with thio-ester (vir, R= Et; 
R/=H). The product obtained was-found to be identical-with the com- 
pound obtained from the thioketo-acid-and benzaldehyde... : vt 

Thio-thiol Estimation.—The results of the estimation of the: two. tauto- 
meric forms of the thioketo-esters are'given below.. : 





Tas.e I, 
CH,——CH, \ CH, 
ie CS: CH ee / 
CO.Et cH Jcrcome 
cs : 
(A) : : ; (B) - 
se os « gh 
Solvent Temp Thiol a . _.. Thiol” 
EtOH 30° 36°6% o 774% 
‘E\OH 60° 35°r ‘ 75°7 


Our thanks are due to Sir P. C. Ray for his kind interest in this work. 
Uivarsity CoLLFcr ov Scrince as " " Recelved February 13, 1942. 
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THE EFFECT OF PHENYL GROUP ON THE ROTATORY 
POWER : PHENYLCAMPHORANILIC ACIDS AND 
p-IMINO.d-CAMPHORDIPHENYL. 


By MAHAN SINGH AND ARJAN SINGH. 


a’-, 3 and 4’—phenylcamphoranilic acids and p-imino-d-camphordipheny] have 
been prepared and the rotatory powers’observed at the full neutralisation point. 


It is now well established that the polar effect of a substituent group 
is manifest in optical activity. The order in which the substituents are 
arranged is identical with the order obtained from the dipole moment and 
the dissociation constant of the acid (Rute, J. Chem. Soc., 1924, 128, 1121, 
and subsequents papers). The electron attractive or electron repulsive nature 
of groups is identified with the amount of restraint exercised by the groups 
over their co-valency electrons and the common substituents give the 
following diminished order : COOH, NOg, Halogens, OH, C,H,, H, alkyl. 

Singh and Singh (J. Indian Chem. Soc., 1940, 17, 486) have, however, 
shown that the position of the CN group in the sequence of substituent 
groups is anomalous. We have now prepared phenylcamphoranilic 
acids. 4'-Phenyleamphoranilic acid has [«]» =64° which is next to 
4'-carboxyleamphoranilic acid in the series which represent a gradual 
transition from strongly electronegative groups through hydrogen to those 
increasingly electropositive in character. ‘The values of the 4/-acids in 
methyl alcohol are given below. 


COOH Ph Et a CN Ot Me OMe Br I 
255 . 64 590 58S 58 56°3 56 53°3 51344 
The phenyl group, which falls after the carboxyl, should be down below 

the series. - : 

The effect of phenyl group in the 3’ position is equally curious and is 
not easy to explain. The values of the 3/- acids in methy] alcchol are 
tabulated below. ; 


COOH cl F OEt OMe CN Br NO, I Ph 
146. S85, 52450 - «= 49'7)— 48'4- 4473” 432 -  4rGQ - 408 


“- Tt wd expected that the phenyl group would be high up in the series, 
but it occupies the extreme end position. In methylethyl ketone, 3’-phenyl- , 
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cawphoranilic acid gives negative 1otation [a],=—7°5°, a behaviour hitherto 
not shown by any other group in the meta position. 

The behaviour of the phenyl group is, however, quite Horna in the 
2! position.. It gives low rotation in methyl] and ethyl alcohols and acetone 
and the sign is reversed in methyl ethyl ketone. 

Rupe and Wolfsleben (Annalen, 1912, 898, 135) have studied the effect 
of the phenyl group on rotatory ower. They also have come to the 
conclusion that close to the asymmetric C-atom jhe phenyl group nearly 
always increases the optical rotation, but in general its effect is curious. 

The rotatory powers of all the three acids were deterinined at the full 
neutralisation point and in every case there is an increase (vide experimental), 

We have also prepated p-imino-d-camphordipheny] by condensing 
camphorquinone with p-aminodiphenyl and have determined its rotatory 
powers in various solvents. These values and those of phenyliminocamphor 
are given below. 


MeOH HtOH GH, CHCh (GH;N 
p-Imino-d-camphorpheny] 606°8 i Be 726 0 
Pp Inino-d-camphordepheny! 696°8 720 7 475 780 783 
There is thus a small increase in the rotatory power by the introduction 
of the phenyl group. * It was, however, expected that with the length of 


the conjugated system, the increase would be much greater. ‘I'he formulae 
of the two are given for the sake of comparison. 


wD end 
=0 


p-Imino-d-camphorphepy! p-Imino-d-camphordipheny 1 


p-Imino-d-camphordiphenyl was reduced by shaking the ethereal solution - 
with zinc and 10% potassium hydroxide. Diphenyiaminocamphor crystalli- 
sed as white leaf crystals, [a],=82°3° (ethyl alcohol). This was expected 
as the conjugation is broken. 


EXPEHERIMENTAL, 


Camphoric anhydride and aminodiphenyls in molecular proportions 
were heated with -a little fused sodium acetate for 3 to 4 hours in an oil- 
bath at 130-135° in the case of paraand at 120° in the case of ortho and meta. 
The product was extracted with dilute ammonium hydroxide solution and . 


é 
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the filtrate was acidified with dilute hydrochloric acid. The solid mass 
was crystallised from alcohol (animal charcoal). 


' g!-Phenylcamphoranilic acid ciystallised from alcohol as white crystal- 
line product, m.p. 181°. It is readily soluble in methyl alcohol, ethyl 
alcoho], acetone and wmethylethyl ketone. (Found: N, 4°27; Kquiv., 
351: CasHs;03N requires N, 3°98 per cent. Equiv., 351). 


3'-Phenylcamphoraniltc acid was obtained as crystalline powder with a 
faint pinkish tinge, m.p. 204-5°. (Found: N, 4°18; Equiv., 349. Ca :3H,,0.N 
requires N, 3°98 per cent. Equiv., 351). 

4'-Phenylcamphoranilic acid was obtained as white amorphous powder, 
m.p. 196-97° after shrinking at 194°. (Found: N, 4°17; Equiv., 353. 
CasH,.03N requires N, 3°98 per cent. Equiv., 352).. : 

~Equimolecular, quantities of -aminodiphenyl and camphorqninone 
with anhydrous sodium sulphate as a condensing agent, were heated for 3 
hours on a water-bath. After cooling, the condensed product was poured 
into water. The dark brown colouring matter was removed after repeated 
crystallisations from dilute alcohol and treatment with animal charcoal 
whereby beautiful yellow crystals were obtained, m.p. 148-49°. (Found: 
- N, 4°4. CasHasON requires N, 4°4 per cent). It is readily sofuble in 

common organic solvents. : 


Tasix I, 


Rotation of phenylcamphoranilic acids. 


- 2’-Phenyl acid. 3’-Phenyl acid. 4'-Pheny] acid 
Solvent. Cone. @,. [a},%*. Cone. a, [a]n 0° Cone. a. [a]o™, 

(g./25 C.c.) (g./a5 cc.) (g /25cc.) hs 
MeOH 0°2500 0°53. 26'S o'Iso0 -. 0°49 40°8 02500 1°28 6 4'o 
EtOH 0'2500 0'46 = 23°0 0°I500 0°30 25°0 o'2500 = -I'IO.— 550 
Me,CO 072500 O14 «7'0 01500 0°23 «-19°6 


MeRtco o°2500 —o'12 —6'0 o'I500, 009 —7°5 


CHCl; 0°1500 OSI 42°5 
After full neutralisation with 
NeOH O°L755 o'50 356 0°2500 I'ro 550 O°1755 los 74°97 
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Tape II. 


p-Imino-d-camphordipheny]. 


Cone. (g./25 c.c.)=0'1200 


Solvents. ap . [ap 20° Solvents. ap [a]p 20° 
EtOH 6°92 720 7 MeEtCO 6 83 711°4 
MeOH 6°69 696°8 Benzene 7440 | 7750 
\MeCO 675 703 1 CHC], 749 ~(- 780° 2 
Pyridine 751 7821 


p-Amino-d-cainphordipheny]. 
Conc, {g./25 ¢.c.)='0°1200 


Solvents. ap [a]p tue 
EtOH "79 82°3 7 
MeEtCO “89” 92°7 

‘ CsHe : 96 I00°0 


The authors thank Mr. JT. R. Dutt for the help in taking certain 


readings. 
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PARACHOR OF THYMOL, MENTHOL AND p-TOLUIDINE IN 
; DIFFERENT SOLUTIONS. 


By S. S. DasHapanpE, S. N. KAWEESHWAR AND W. V. BHaGwat. 


Parachor of thymol, menthol and p-toluidine in nitrobenzene, acetic acid etc. has 
been determined at different concentrations. It is observed that the valnes of parachor 
at temperatures, where these substances exist as liquid and at temperatures where they 
- exit as solids, are practically the same as obtained by solution methods. The Hammick 
and Andrew's equation, therefore, is applicable both in liqnid and solid states for the 
solutes. The nature of the solvent does not seem to have any appreciable effect on the 
values of the parachor of solutes. At lower concentrations of the solute the values 


_obtained by Hammick and Andrew's equation show greater variation from the calculated 
valnes. 


The method employed for determining the parachor in solution is the 
same as that due to Hammick and Andrew (J. Chem. Soc., 1920, 755). 
Thus : , 


Py =P(1-2x)+ Pyar vee (i) 





= Ms 4 i 
Feat (i) 
and Muy =Mz (1x) + Mix vee (442) 


Where Py =parachor of the mixture, Px =the parachor of the solute, 
P=the parachor of the solvent, «=the molar fraction of the solute, (r—x)= 
the molar fraction of the solvent, Ms =the mean molecular weight, D=the 
density of the solution, y=surface tension of the solution, M. =the mole- 
cular weight of the solvent and Mx =the molecular weight of the solute. 

‘The value of y was determined by Jaeger’s bubble method. The value of 
D was found by pyknometer, while the value of d, the density of the vapour 
of the solvent was neglected. The value of g substituted is 978 dynes/cm. 
em. at Indore. 

“Thymol melts at 50°: It will be observed from the table below that 
the values determined by keeping the solution below, above and at the 
melting point of thymol, differ only very slightly. In general it is 

“observed that ‘as the concentration of the solute is decreased the values 

.obtained by Hammick aud Andrew’s formula deviate more and more from 
the calculated value (377 for thymol). Temperature seems to have no effect 
on the value of the parachor. 
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TABLE I. 
Parachor of thymol in nitrobenzene. 
: %=0,.176. : '  om0'229 - : 

Temp. Density. y . . Pu Py. Temp . Density y. Py Py 

40° I°137 36°16 274°8 373 20° 1°137 38°7 282'6 375 

45 1°130 35°9 275°8 373 go = 1129 37°5 283°3 378 

50 1126 35°5 276°2 376 40 1'I2 37°4 285'2 386 

55 1°12 34 6 275°4 371 50 IIE 35°6 284 5 383 

60 1118 34°8 2764 377 60 F105 342 _282'8 377 
%e30°122. %=0°095. 

Temp. Density. 7: Py Px Density + Py Px 
20° = 1°66 409 273°9 = gor 1177 39°55 268'0 = 392 
30 1°I57 39°7 274°1 402 ,1'169 38°72 267°8 389 
40 1°148 377 2719 = 393 1158 37,08  267°4 386 
50 I'I4I 36° 271°3 388 1'148 36°26 268°4 396 
60 I'I3I 35°2 272°2 392 1137 34°55 267°3 385 
70 1°%23 34°0 2716 391 1°I32 33°7 267'2 382 

w=0°214 . 

Temp. Density. 7. Pu. ~ Px ; 
20° 1°142 37°55 279°9 370 

30 T+132 35°83 278°7 368 

40 1-122 35°20 279°6 371 

50 IIIS 34°34 279'0 369 

60 1'I07 33°59 280°3 375 

70 1°099 32°84 280°5 376 

Tasig II. 


Pasachor of thymol in acetic acid. 
x%=0°176. Pcale=377'0 


Temp. Density. ¥. Py ’ Px 
20° 1°022 aor 174'8 379 
30 I‘oI4 27°28 169°4 349 
40 1004 26°64 174°I 375 
50 079942 25°89 174°5 377 
60 0°9855 25°14 174°8 379 
jo 0°9776 24°39 «1750 380 


The values are very good showing that, as in the case of liquid- liquid 
mixture, where only one liquid is associating, there is no eflect on the 
value of parachor, in the case of solid-liquid solution also, ‘where the liquid 
is associating, the value of parachor is not affected. 

Determtnation ‘of Parachoa of Menthol—The following stiucture for 
meuthol is essumed : 





CH; sae 
MeCHC DCH'CH:Me, 


ra 


si9 a. 8 = ee : Hee te Let 
PARAGHOR OF 'THYMOL,’ MENTHOL AND p-TOLUIDINE, BTC. ib} 


TaByE IIT. 
Solvent—Nitrobenzene. 
x=0'081. % = 0°198- 

Temp. Density. ° 7. Pa. Px, Density ¥. Py. Px 
20° 1165 360 «= -265"3 383 
30 r°r58 34°8 263°2 361 
40 I'149 33°59 263-1 360 r'096 31°48  —280'o 381 
50 I°140 32°3 262°6 354 1088 30°68 280':0 ~  38t 
69 I°I32 31°56 263°% 360 L077 28°96 = 2786 375 
70 cae oh aes ibe l'o69 28°22 2796 379 

#%= 0438. %=0'455.- 

‘Temp. Density. y ‘Pu. Px. Density. 7. Pr. Px. 
20° I'I00 = 32°96. 2868 = 389 "094 33°70 = 895 393 
30 rogt = 32°28 -387°6 = 392 1084 32°95 290° 395 
40 1083 31°45 287°6 = 392 1'076 32°31 9 29t'I 396 
50 1'074 -30°8I_-288"7_-—-396 1066 3X°67, 29273, or 
60 064 31°13, aga"r | 4ri1® L°057 30°92 29371 405 
70 1057 29°85 290° = 403 “ x049 30°16 =. 2936S 406 

x =0'084. = 0°L73. ‘ 

Temp. Density.  ¥. Py Px. Density. ¥- Pu. Px. 
20° l'o17y, = 45°67 -I50°7 373 0°9906 28°14 1781 401 
30 x 206 24°88 51° 378 0°9822 26°43 176-9 394 
40 og961-23°1X 149°5 359" 0°9736 26°74 178°9 406 
50 0°9858 22°57: 150°5 370 0 9641 24°93 -177°5 398 
60 0°9757 21°84 149°2 355" 0°9532 23°32 176°7 393 
70 079650 a1"18 §=151°3 379 - 0°9446 2300 | =177°6 399 
80 - 0°9532 20°36 «1518 386 aus eee owe ie 

TABLE IV. 

Parachor of menthol in carbon tetrachloride. 
Temp. Density 7 Px. Px. 
x=o0'161 20° I°412 30°81 254°2 438 
30 17396 agras 253°9 436 
40 1°384 27°00 . 252°0 4a4 

3 Menthol liquid : 

~ 60 > 0°856 27°17 416°r 


F : Calc. parachor 416.1 
. This value is identical with the value calculated for the formula. Cal- 
culated value for the parachor of menthol is 416°1. ‘The results, therefore, 
are low as given by Hammick and Andrew’s formulae and more so, if the 
concentration of the solute is low. In carbon tetrachloride, however, the 
values are high. 


3—1427P—4 
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Parachor of p-toluidine in nitrobenzene. 


- Taste V. - | 
, x=0'267 2 . .o “GmO-3g1 ye coe 
Temp Density.  y. Py. Px. Density. »- Px. Px. 
20° 1128 40°98. 2705 278 1'136 Maat 264°1 284 
go _ 1122 4012 2601 274 > 1°127 49°90 263°4 282 , 
40 I°IIg 39°37 271°r 280 “1117 38:08 262°5 279. 
50 " s*106 37°55 2701 277, ‘ Tit09 36°38 261 3 275, 
60, 7607 ‘ 36°27 269°7 276 _ roo = 35°63. 2620 277 - 
70 1'087 35°62 270°0 277 Togt -- 34°87 2626 279 
%=0'403. zt ed - %=0'2I4. 
frennp “Density. y Pu. _ Px. _ Density. oy. Px. Px.. 
ao* = 'i09 - 40°12 264°5- 279 - | HI52, 37°34 :256°o 264 
30 r106 = 39°15 2636 278 2-7 1142). 36°59 —-257°6 268 
40 r1097_ 3841 265’0- 280 * 1'I33, 35°94 ,258°3 271 
- 50; F087 - 36°71 2634 2759 g  FR4 535121 25917 274 
.. 6 ; 1080 35°83. 264°3. 277 .. Ftr5 34°55 9601278 - 
70 1070 35°20, 265°1 280 W107 «=. 33°70. -259°2 275 
7 _ 20 5467. a ae : 7 %>0'1R. 
‘emp. Density. - Px. - Py. Density. x: Pu. Py. 
a0” _1'Too * 4258 266°2 279 _ 179 41°61 260°7 303 <. 
30 rog2. 40°76 266°2 279 Vr6g = 49187 - 261°5 306 + 
40 17984 ~ 39°90 266°8 280 _ TxQr 40°12 =—.262°3 315 
50 r'076 «39°15 268'0 §=—- 283 Iga 38°94. 262°5 316 
60 1064 37°54 2684 284 . 1343 3712 261°3 305 
70 1057.36.81 268°8 285 ~. 1133 34°63, -258'9 287 
%=0'09T. 
Temp. | Density. é es Pu. Px. 
20° x°184 3 43°70. °¥1 2628 «|. - 34K 
30 SS T74A F 413 : 262°2 * 333 
go, 6H 9B” OZ 3:24 
: 50 I'I57 % * 37165 us 260° 312 
60 "149 > > 369r ~~ 260°5 315 
70 "7 3339 35°20 ae 9 309 


The calculated value for ihe parachor of p- piaidine is 275° 9. The. 
experimental agreement is excellent at higher concentrations. ' 
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PARACHOR OF SOME ORGANIC COMPOUNDS AND. 
, _THEIR CHEMICAL CONSTITUTIONS. 


By S. S. DrsHAranpe, S. N. KAWEESHWAR AND W. V. BHAGwar. 


Parachor of simple pyrone, dimethyl and diethylpyrones have been determined in 
ethyl acetate and nitrcbenzene. The value in case of pyrone and’diethylpyrone approaches 
more to the simple ring formulae and therefore must have the structure suggested by 
Deshapande (J, Indlan Chem. Soc ,, 1932, 8, 303), while dimethylpyrone should be re- 
presented by Collie’s bridge-ring structnte 

The structare of diacetylacetone has also been investigated. Its.value of parachor 
in ethyl acetate approches Collie's bridge-formulae. 

The calculation of parachor for bridge-ring is carried on’the basis that a bridge- . 
ring is made of two rings each of five atoms and this finds justification from the authors’ 
observations on tsonitrosocampor which is known to contain bridge-ring. The value of 
its parachor in nitrobenzene i is the same as calculated on the basis of the above asstimp~ 


oe: for the bridgéring:* a : 
: “¢ OEE, 7 Oy ae f 
_. In our previous, paper (Th his Issue, Pp. 149), we have _shown fiom. the 


results obtained with the low melting substances that, working under, certain 
conditions, the,parachor ‘ofa solid substance ‘obtained from its solution is 
almost identical with that of the same substance worked above its melting 
point without any solvent ; and these values are in turn identical with the 
calculated values corresponding to its accepted formula. We have now 
made use of this important observation in the case of certain organic 
compounds about whose structures two opinions have been held on chemical 
evidence. ‘hese cémpounds are the pyrone (I) and its dimethyl (II) and 
diethyl] (ITI) derivatives and the 1:3:5 triketones related to the pyrones. 


O , O O 
I i ‘ll 
Cc es Cc Cc 
sf ies : ae HC/’ \CH 
; HO Jens. Me'Ch JC'Me BECK JcEt 
caret os. O . oad . O o Oo 
a peed SD ude He OD 


. On fusion by means of baryta the dimethyl and diethylpyrones give 
‘iacetylacetone ([V)-and. the dipropionylacetone (V) respectively. 


aoe : . CH,' CH, 
Me‘oc’ \co Etoc” Nc 
ae ee react ge. : CH, ee) 2 CH, 
MeOC } | Et‘OCc ; 


(IY) es  -4Y) 
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Structures (IV) and (V) have been established on chemical grounds 
by Deshapande, Dingankar and Kokil (J. Indian Chem. _ Soc. i934, 11, 595) 
and as (IV) and (V) result from (II) and (III) (Deshapande, ibid., 1932, 9, 
303), the structures of the latter should-be by inference what they are shown 
to be 


‘is re 
i i 
ae - a 
fh e . a ie sy. = EEOC? NCO; 
HEC\ ic—Rt EC cH ye 
SH +OH eles as Et‘OC - 


aa Collie, however, on the ground that the pryones form substitution 
products instead of addtion products inspite-of their containing two double 
bonds’ in the ring, thought that they are aromatic-compounds, and must 
thetefore contain three alternate double bonds in the ting.’ He therefore, 
assigned Structure (VI) to dimethylpyrone and (VII) to diacetylacetone.:“""" 
Suet é aoe . ‘ ; : y+ «A 


“toe 2 : OH oF ax: 





Oe i : : i 
= be é 
1 a : fat Ho J 
aly “aL 
Ev GE 
Me: a a Me . “Me CY 
7 
; H 
(VI) (vIn) 


Parachor method has been used to’ ascertain whether the simple ring 
structure of pyrones by Deshapande (loc. cil.) or bridge-ring structure 
proposed by Collie is the correct one. Diethylpyrone (III) was chosen it 
being a liquid.and thereforeit was possible to obtain its parachot both-in pure 
condition aswell as in solution (Table I). ‘The diethylpyrone was purified 
by distillation under reduced pressure. Parachor eo for (III) is 359°x and 
that for Collie’s formula is 370. 


The following results were obtained for diethyipyrone dissolved in 
ethyl acetate: Parachor of the pure solvent was fond to be 215'5 while with 
the formula it comes to 216, 
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Tasue I. 
Diethylpyrone. 
: : 1oc:,  %=0°203. 
Temp. Density. ¥. Pe Px. 
20°" 0°9446 26°20 24's _ 355 : 
uw, 307 0 9336 25°39 242°7 * - 359°5 
“the” af ‘Qouth ot 3 9 9744 | segs FA S%  . ry 243°0 36)... 
it, et aye POR 3 23°685,9 3, 2436, Ss o 36arri 1, 
sit @ Lr -ankgit pie Le, 268 Ll) 2q3’gtetta g6ar aebt e 


‘In ‘the’ hotiiologous series of pyrones there Seenis to be’  goniething 
unusual, The first member, the ‘simple pyfone (I), isa solid melting at 32° 
andboiling at.215°.at ordinaty pressure. The next member, dimethylpyrone 
(I) is d high melting solid, m. ps 132° “But the next nlémber, diethylpyrone 
{ITD), . is a‘liquid,:b: p- 115 °.120%/10 mm: Chemical methods fail to éxplain 
this anomaly and_it-was thought interesting to apply the’ parachor “ methdd 
so ag to throw any light on the structure of these ethene urbe ae “b biue 


een 
The following results were obtained with pyrone n' which ‘was 


purified by two distillations, and was dissolved in ethyl acetate. Parachor 
calculated i is 8 208" 1 by aunple ring formula. os oo 
7 Taste IT, 
Pyrone. 
Temp. Density. ¥. Pu. Px. Density. y Pu. Px, 
%=0'129. x=0'262" 
20° 0°935 24°72 212°4 188 0'9585 25°II 2104 195 
30 0°926 23°90 2124 188 O'95I0 =—- 24°23. «AIO «193 
40 O'9O17 23°09 a12°7) = I9t 0°9397 23°53 21I'r 196 
50 0°907 22°27 213°2 194 0°9300 22°68 2II'3 197 


These values are lower than those required either for the simple ring 
structure (I) or the bridge-ring structure (VI) except that the methyl] group 
is replaced by H. Nevertheless the mean of the values in Table I] is nearer 
the value for the simple ring structure and is much away from the value for 
the bridge-ring. ~ . ye 7 

In the case of aimertyinyrolie (II), which was purified by double 
crystallisation and which was dissolved in nitrobenzene {as its solubility in 
ethyl acetaté is small’, the following results were obtajned, ‘ 
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Taste II. 
Dimethylpyrone. 
Temp. Density. Y Py Pe. Density: ¥- Py. Px. 
Lf em 0164. ~*  wworr8.: + 
50° 1166 39°48 26570 304 “1x64. 37°34 26174 309 
60° , =—-rr54! - 36°79 262°2 299 1'ms4 36°69 -262°9 «316 
7O - 1143 + 36°04 264°2 9 311 1148" 34°77. 260°5. 300 


Table III also brings out the difference between the observed values 
and those. calculated” for either°for the simple ring structur@’ (II) or the 
bridge-ring structure; the observed values“being higher than the values 
requjred for the structures, (VI). Nevertheless. the , observed awwalues are 
hearer, that t gorresponding to, simple, ring s structure.. trees poppe) Eopounts 


oa * Observed results ,indicate..that, pyrone - (I) ae diethylpyrone (II) are 
simple.cipe. compounds, jwhile dimethylpyrone (1),: which comes ip! betwéén 
the, EKO, , ig, 3 “a. rbpidge- ring compound.. Tins i is-_probable. whénrtiken in’con: 
junction with the fact that at ordinary, femperature {about 32°) bothopytore 
and diethylpyrone are ‘liquids; byt, dimethylpyroneritua high melting solid, 
or there jig possibly some other kind of complexity, i in the molecule of dimethy]- 
Byfone (en "But it is sighificant that where | ‘chemical jmeans “equld not explajn 
e.. 
why” a iniddlé “member isa high melting-solid, while its, two “neighbours, are 
liquids, it could be explained at least to somé extent by ‘ “parachor”’, 
Dehydracetic acid (VIII) which js a pyrone was also studied and the 
following results were obtained whien dissolved in nitrobeneze. 


» ek : = CO 


* 
ee MeCO’HC CH 2 7 
OC /C’Me 
“3 : 
~« O ”~ 
” : : (VID) © 
anh Yon Sab ee TAR TVA es oS Be 
ed tee 1 wt 
ie 2 ! Dehydracelic acid. - 
ain ros - wT 48 
ean - “Pale (VIM) 237451. X=" 151, , a se aioe toate 
Temp. Density. Y. Px. uPx oh gts 
He Aa Ate FpOde jo ot Ve AOR hy Lies RIF Le noes IRE ay” 
ote EF oo oth, op « 38:9 ete F784 te 9390 enced 
60 . EAI 3819 |, 272° 


70 > ae r 177 o 43 36x ar 272°0 Jer * 368 cot 


ry ‘ =e . ‘ ae 2 
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The, agreement, hetween the value for thecaccepted formula. (VII) and the 
observed value is quite'cluse.. +7 th: ws “ ase ow 
Diacetylacetone, a 1:3.5-triketone, closely related to pyrones, was chosen - 
for our study. Deshapande (loc. cit.) on chemical grounds gave it the formula 
(IV) but to which Collie has given.the formula (VII). Table V shows the 
value of the parachor obtained for diacetylacetone dissolved in ethyl acetate. 


“Tasre Ve. a 
ge, _ Diacetylacetone. 
Yemp. - Density. ¥. Pe. Px. Dentity; = Py. Px. 
* Fe 0'167," ma - er * %=0'183. 
20°" 09473 «d4'9t 2290 = 298 0'°9363 = -25°7t + =-235°9 ‘324° 
at P?. Qe ERE. PATO ,,. 2292 300 + ,. ORR, aq'gr 2358 = a4 
wb APs 9 L0°9B90 I FFM, 2791S LPF L PALQBID 4: 4021, 2353 382 
50 0'9213.-22"4X = 229°5 302 0°9093 «-23'29-236°5 328 
2 Bee ee fom OPA Bia Sok S04 ° a eae 924, F955, 4 f - 332 


- "The ce for."structures(LV) ‘is* 334'2 and for thesirickdee (VIJ) is 
oe From these values alone it is difficult to decidetindavourof either 
of the structures. The mean value observed from Table V is 324) | which 
is fairly close to the value 328 corresponding to the bridgesting structure. 
As diacetylacetone is derived from dimethyl-pyrone, it seems that the 
bridge-ring in the pyrone is retained when it changes to the corres- 
ponding triketone. 

In the calculation of parachor for the bridge-ring such as shown in 
(VI) and (VII), a bridge-ring was assumed to be made of two rings each 
with five atoms. Whether such an assumption is justified must be tested 
by working with a substance in whose molecule the existence of a bridge- 
ring has been definitely proved. isoNitrosocamphor (IX) having the same 
bridge-ring as in camphor was chosen for the purpose of experiment. 
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It could ‘be purified. by repeated ‘crystallisations until the desired melting 
point is obtained. The following results were dbtained with isonitroso- 


camphor dissolved in nitrobenzene. ° 

eh ABD : Cea A ee. gies ae ee 

ne: © ‘ ~ Taste’ VIL’: : ‘ “ ‘ 
7 isoNitrosocamphor. 

Peale. = 438. 
Temp. Density. y. Py. Px. Density. y Pu. Px. 
%=0'18. x=0'198. 

50° 1°%53 38°62 288'4 = 440 1149 39°26 2912 438 
60 1'I44 37°34 288°3 440 114i 37°87 290°7 436 
70 1136 36°04 ©2883 440 I°132 36°49 2g0°0 §=— 433 

* 80 1120 35°30 290°5 435 


There is a close agreement between the values of parachor observed 
and found from the above tables and the value required for the formula 
(IX). 


This proves that for the purpose of calculation of parachor of a substance 
containing a bridge-ring in its molecule, a bridge-ring may be taken to be 
equal to two simple rings, n 


fro 
. 
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PROPERTIES OF DIALYSED HYDROUS ALUMINA HYDROSOLS 
PART I. pp CHANGES DUE TO AGEING AND TITRATION 
WITH NEUTRAL SALTS. 


By N. P. Darta. 


On ageing the pn of hydrous alumina hydrosols slightly decreases and then becomes 
almost constant. Sols which contain free acids are more stable and give the same 
arnount of chlorine on conductometric titration with different silver salts. Highly pure 
sols are less stable and the amount of chlorine obtained by conductometric titration with 
silver salts is in the order: sulphate < nitrate < acetate The chlorine obtained by 
conductonietric titration is less than the free or total chlorine content of the sols but in 
the case of less pmre sols, this is almost equal to the free or the total chlorine content of 
them. Chlorine appears to be present in three different states A part is free and the 
other bound. The former is made up of chlorine present in the intermicellary liquid and 
chlorine present in the mobile sheet of the double layer Ag the purification of the sols 
by electrodialysis proceeds and the fu rises, the portion of total chlorine associated with 
the colloidal particles, which remains ‘hound ' with the particles, increases. Nentral salts 
decrease the H+ ion activity and increase the Cl ion activity of the sols. The order 
of effectiveness of the anions in both cases is chloride < sulphate < oxalate < ferrocya- 
nide A probable constitution of these sols has been suggested 


The electrochemical properties of colloidal hydrous alumina have been 
studied by several workers. Pauli and his co-workers (Adolf and Pauli, 
KolloidZ., 1921, 29, 281; Pauli and Valko, Z phystkal. Chem., 1926, 124, 
164; Pauli and Schmidt, ibtd., 1927, 129, 199 ; Pauli and Muttone, Kolloid 
Z., 1931, 57, 312; ‘‘ Elektro chemie der Kolloide’’, 1929, p. 545) concluded 
from titration experiments with silver salts that the whole of the chlorine 
was in the reactive stage and considered these sols to be dispersions of basic 
salts having the composition [mAI(OH)3.nAlOCl. AlO*] Cl” Thomas 
and his co-workers (Thomas and Whitehead, J. Phys. Chem., 1931, 35, 27 
Thomas and Tai, J. Amer. Chem. Soc., 1932, 84, 841; Thomas and Von 
Wicklen, ibid., 1934, 56, 794; Whitehead and Clay, sbid , 1934, 56, 1934; 
Whitehead, Chem. Reviews, 1937, 21, 3113) considered that hydroxyl 
groups of highly basic salts of aluminium combine with one another to form 
‘ol’ and ‘pol’ complexes. These complexes go on increasing till the 
aggregates formed by such linkages attain colloidal dimensions. According 
to them on the addition of an electrolyte its anions penetrate the complex 
and displace aquo or other anions present there. Hi” ions can also enter 
the complex and neutralise the hydioxo groups. The phenomena of ageing, 
the changes of px occuring on the addition of neutral salts etc. were 
interpreted on this basis. Weiser (J. Phys. Chem., 1920, 24, 505; 


4—1427P—4 


160 N. P. DATTA 


1931, 88, 1368, “‘ Inorganic Colloid Chemistry’, 1935, I, pp. 104-118) 
has pointed out that there was no direct evidence of the existence of a basic 
chloride atid the assumption that alumina sols were kasic complexes was 
not supporléd by X-ray analysis. Accoiding to him the interaction of 
a'uminasols with electrolytes occurs in the electrical double layer surrounding 
the particles. The inner layer is supposed to contain Al*** and H* ions ’ 
and the outer layers CI~ ions, a part of the Cl” ions is rendered immobile 
being held by electrostatic forces. On the addition of electrolytes its anions 
are adsorbed in the outer layer and this is followed by an increased adsorp- 
tion of cations Multivalent ions would reduce the thickness of the double 
layer and so cause coagulation. During coagulation both anions and catioris 
tend to be desorbed due to the diminution of the specific surface. Mattson 
(Soil Sct., 1930, 80, 459) represented the composition of positively charged 
aluminium hydroxide as {Al,O,),. Al,Og**+2Cl” and of negatively 
charged hydroxide as Al(OH),OH~+Na™.Al-. Though it is generally 
assumed that NaOH forms the aluminate NaAlO,, he considers that 
on the surface of the colloid and specially of soil colloids, a simple addition 
compound like the above is formed. Nikolsky and Pardthonova (z ; 
physikal. Chem , 1932, 189, 47) from a potentiometric study of the precipita- 
tion of alurhinium salts with NaOH concluded that aluminium hydroxide 
in the colloidal state consisted of micelles on the surface of which there were 
Al(OH), molecules and Al(OH),* and AlO3 groups formed respectively by 
the basic and acidic dissociation of the amiphoteric hydroxide. In the dtitet 
layer there were the corresponding OH™~ and H® ions which could again be 
replaced by the cations and anions respectively of an added electtolyte. The 
basic dissociation would predominate below the isoelectric px and the acidic 
dissociation above it. ‘The electrochemical properties of alumiriium hydroxide 
sols have been studied previously in this laboratory (Mukherjee et al., J. 
Indian Chem. Soc., 1933, 10, 405; Indian J. Agric. Sci, 1934, % 7333 
Mukherjee, Kollotd Z., 1933, 68, 36; 1933, 65, 72). It lias been observed 
that on dilution the pa, specific conductivity and the chloride ion activity 
of the sol vary in a manner which is different fidm what wotild be expected 
of an electrolyte iti true solution. Calculation of the specific conductivity, 
taking into account the amounts of electricity carried by the colloidal 
particles and by the oppositely charged ions, showed disagreement with the 
observed specific conductivities. 

The sols used by these and other workers, however, had a fairly low 
pn and high specific conductivity and probably contained free acids (or 
aluminium salts). The present investigation deals with a comparison of 
the properties of sols Having different degrees of purity. Sols A and B have 
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low pi and high specific conductivity and are similar to the sols used by 
other workers. Sols S: D,and E are of greater purity. Changes in fu 
due to ageing and interaction with silver and potassium salts have been 
reported in this paper. The interaction of the sol with different electrolytes 
has b2en considered to occur in the electrical doub‘e layer surrounding 
the particles. The double layer has the following structure (c/. Mukherjee, 
Trans. Faraday Soc., 1921, 16, 103; Phil: Mag., 1922, 44, 321). Its inner 
layer probably consists of primarily adsorbed Al***, AlO* and AlO,” ions. 
The relative amounts of these ions and the ratio of positive to negative 
charges depend on the px of the system. Hydroxyl, chloride or other 
anions and H* ions are present in the double layer partly in secondarily 
adsorbed i.e. bound condition and partly in a mobile, osmotically free 
condition. The relative amounts in these conditions again depend on the 
pa and the composition of the intermicellary liquid. 

According to’ this view chlorine, present in the sol, is likely to occur in 
different states. Part of the total chlorine, Cl, , is present in association 
with the colloid particles, i.e. the micellar chlorine, Clu. The remaining 
part, the intermicellary chlorine, Clu, is present in the intermicellary liquid. 
“Micellary chlorine, Clu can be further subdivided into two fractions: one 
is osmotically active, denoted by (Clx)s; and the other, osmotically inactive, 
denoted by (Cli js. 


Hence : 
Cl, — Cly +°Cla = (Cle Je oe (Clu )y + Clo: 


and total free chloride, 


Cl = (Cle )y + Cla = Cl. = (Clu )s ‘ 


EXPHRIMENTAL,. 


Kahlbaum's pure AICI,, 64,0 was purified (Dennjs, Z. anorg, Chem, 
1895, 9, 339) and hydrous alumina gel was precipitated from its solution in 
equilibrium water (sp. conductivity = 1°15 x 1078 mbho at 35°) by Merck’s 
liquor ammonia diluted with equal volume of water. The gel was peptised 
completely by washing inacentrifuge and the resulting sols purified by 
ordinary dialysis. Sol A was dialysed for three weeks and sol B for a period 
extending over 14 months. In the case of sols C, D and E, further purifica- 
tion has been efiected by electrodialysis after dialysis lasting for 2 to 3 weeks, 
The hydrous, alumina contained adsorbed ammonia which was not easily 
removed by washing in the centrifuge and was only slowly removed during 
dialysis. On prolonged electrodjalysis most of the aluinina was precipitated 
in flocks and diinte sols were obtained. 
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A Tinsley vernier potentiometer in conjunction with a Hartmann and 
Braun galvanometer’ (type 159) was used for measuring the uw. The pu 
was measured by the hydrogen electrode against normal calomel electrode * 
using saturated KCl in the bridge. ‘The hydrogen gas was obtained by the 
electrolysis of caustic soda solution in a U-tube with platinum electrodes 
The gas was purified by passing it through concentrated sulphuric acid, 
soda lime, atube containing copper gauze heated in an electric furnace 
(400°) and finally through soda lime and conductivity water. The Cl™ ion 
activity was measured with Ag-AgCl electrode (Noyes and Ellis, J Amer. 
Chem. Soc., 1917, 89, 2532) in conjunction with another Ag-AgCl electrode 
placed in o’rN-KCl solution using saturated NH,NO; in the bridge The 
potentiometric and conductometric titrations were carried out in pyrex glass 
titration cells provided with air-tight ground glass jomts (Indian ]. Agric. Sci , 
1936, 6, 519) which allowed simultaneous measurement of chloride and hydro- 
gen ionactivities. The assembly for the measurement of specific conductivity 
consisted of an oscillator working at 500 and 1000 cycles per second, a non- 
inductive resistance box and a marble drum bridge. A condenser of 
variable capacity was connected in parallel with the resistance box .n order 
to balance the capacity of the cell. The alumina content was estimated-as 
Al,O;. Total chlorine was estimated by potentiometric titration with 
silver salts after solution of the sol in nitric acid by Ag-AgCl electrodes. A 
water thermostat covered with a layer of oil has been used at 35+0°05°. _ 
For sols having very low hydrogen and chloride ion activities and low 
specific conductivities, the measurement of the E.m.¥. is attended with 
various difficulties. Electrical leakages often prove very troublesome; to 
obviate this the metal cover of the experimental table, the lead outer covers of 
the electrical connections and all exposed terminals etc. were earth con- 
nected. Tbe temperature of the room was kepta little higher than the 
surroundings in order that moisture may not condense on the terminals. 
To eliminate diffusion of KCl from the beaker containing saturated KCl, 
into the cell, the U-tube connecting the latter with the beaker was fitted 
with a stop-cock. Before the measurements the U-tube was taken out and 
the piston of the stop-cock rinsed with KCI and replaced. ‘The tube was 
then wasbed thoroughly with water, filled ‘with the sol and inserted into 
its position in the cell with the stop-cock closed. The junction potential 
was eliminated as usual by interposing a saturated KCI bridge. It is well 
known, however, that complete elimination of the junction potential is not 
effected thereby. The results obtained in this laboratory with some 


* The gat¥. of N-calomel electrode was taken as 0°2823 volt at 35° (Sdrensen and 
Linderstrgm Lang, Compt. rend Lab, Catlsberg, 1924, 25) 
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sdlutions of HCI (Mitra, Indian J. Agric. Sci., 1940,10, 318)" illustrate the 
1eliability of the technique and of the electrodes used in these medsure- 
ments. Using this technique and following the method used by the author 
in the case of stearic acid sols (Mukherjee and Datta, J. Indian Chem. Soc., 
1939, 16, 563), the reproducibility of the px measurements as carried out 
on different days was fairly satisfactory, the limits of reproducibility being 
oor pn unit (Table IT). ; 

In order to test the accuracy of Ag/AgCl electrode measurerments, 
several Ag/AgCl electrodes were prepared. ‘The chloride ion activities of 
HCl at two dilutions were measured with these electrodes and care was 
taken to make the system free from air. The &.M.F. of the concentration 
cell was reproducible within o'1 millivolt. The following data show the 
agreement between the observed and the calculated £.M.¥F. 


7 = 
Cell : Ag/AgCl/o’oorN-KCl/saturated NH,NO,/0'o1N-KCl/Ag/AgCl 
Observed £.M.F.=0'0610 volt at 35°. 


Fic. 1. _ 





Sp. conductivity x 10*mho. 
> 


+ Pet. titrahon for 
total chlorine. 


° 02 0f 06 o8 10 ° 10 20 30 


' Reagent (c.c.) Eq. conc. of Ag. sali x 10°N, 

The #.m.r. calculated from the activity coefficients given by Randall 
and Young (““Ihermodynamics”, 1923) is 00594 volt at 25°. The u.m.r. of 
the electrodes was also sufficiently reproducible. The titrations were 


ere 
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repeated in some cases to check the reproducibility. The agreement among 
the duplicated curves was fairly satisfactory (Fig. 1). - = 


’ Composition of Sols. 


Tase I. 
Sol Alumina con- Altttion Free Cl ion TotalCl NH;. pn Sp. cond 
, tent in g: (Clr )ing. Clr )in ; (mho), 
moles per moles per g moles wie hae 
litre. litre. per litre. : 
A 137x107. Nil 1318x1078 13 75x 1078 Nil 4°73 19°3 x 1078 
B 0°78 is 7°65 9°78 a5 5'60 15°60 
Cras iy 6 30 8°10 * 6°42 8°80 
D = 1°30 ” 3°40 8 oo ” 65x 7°06 ) 
E 0°62 ” 2°25 6 04 » * 6°70 5°20 


None of these sols contains either any free aluminium ions or ammonia 
as shown by ultrafiltrate test of the sol with 8-oxyquinoline or Nessler’s 
reagent. With the progress of purification, the specific conductivity and 
the hydrogen and chloride ion activities of the sol appreciably decrease, 
The pu of the sols C, D and E is nearly neutral and the specific conductivity 
is of the order of the equilibrium water used. Sols A and B, however, are 
less pure than the other two. From columns 4 and 5 (Table I) it is apparent 
that the whole of the chlorine is not osmotically active (free). ' 


ba Changes due to Ageing. 
\ 


Hydrous alumina hydrosols have been observed to undergo with 
time changes in fx. Thomas and Whitehead (loc. cit.) found an increase 
in pz of aluminium oxychloride hydrosols due to ageing at 20°. In 54 
days the px increased from 4°54 to 4°75 and from 4°56 to 5°4 for two different 
sols. Thomas and Tai (J. Amer. Chem. Soc., 1932, 54, 841) working with 
aluminium oxyiodide sols at 90° obtained a decrease in pn after ten days 
but on further ageing the pu increased. But Weiser (loc. cit.) using three 
sols observed uniformly ‘a decrease of 0°39 to 0°13 pu units in about 3 
months. Pugh (Soil Set., 1934, 37, 403) prepared a so] from isoelectric 
precipitates and observed that the px changed from 7°31 to 4°57 in 4o day 
and the -bx did not remain constant thereafter. On the other hand , B. 
Majumdar (unpublished work) in this laboratory found that neglecting some 
erratic variations the px remained almost constant after soime time. 
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4) --- Cond titration of 
Sol Wath Ag-Deetate 
+--+ Cond. titration of 
Sol With Aga S04. 


Sp. conductivity x 105. 


o's o'r 
Reagent soln (c.c.). 


Tabie IT. 





5 BES pu Changes on ageing. 
. Sol A 7 Sol C. Sol D. 
Date. bu, Date, bu. Date. bu. 
478-38 5°26 14-11-38 6'93 19-9-39 708; , 
6-8-38 5°06 : 13-11-38 6"90 28-9-39 70g 
10-8-38 4°95 26-11-38 688° 5-10'39 obs. 
1i-8-38 - : ‘4°84 23-12-38 6°42 20-11-39” 6 62 
oa-39 . 4°75 , 97-12-38 6°42 29-11-39 6°51 
22-4239 + 4°75 471-39 6-42 2-12-39 Osx. 
BO ge ONC ae A 15-1-39 643 71e39 7 Bsr” 
wl yt te? aw * i: ot 
FIG. 2. _ Fie. 3. 
Oo «Cond tutraton of 
Sol wih AgNO3 





o ro 


Eq conc. x10°N, 
Lower curve—Pot. titration of sol 
with AgNO,. 
Upper curre— that of the ultrafiltrate 
with AgNO,. 


It will be found that the ps of all these sols decreased gradually and 
ultimately reached practically constant values. While it is simpler to ascribe 
this decrease 1n pa to the slow hydrolysis of the adsorbed aluminium :alts 
present on the surface of the particles, Thomas and Whitehead (loc. cit.) 
explained the increase observed by them in terins of theii olation and oxola- 
tion theories according to which H* ions from the solution enter the so] 
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complex and neutralise the hydroxo- groups. Aluminium hydroxide sols 
probably contain hydioxo groups in their micelles (discussed later) but 
whether By ions do or do not enter the complex colloidal micelle during 
ageing in the manner suggested is an open question. An examination, of 
the data in Table I of their paper shows that sols probably contained 
amtonia which was slowly desorbed and neutralised by hydrogen ions and 
the pp increased in consequence. ‘Their sol B:containing the largest amount 
of ammonia showed the largest pu increase. Weiser (loc. cit.) ascribed the 
decrease in px observed by him to the liberation of stabilising hydrogen , jons 
from the colloidal micelles due to coalescence with age but the slow 
hydrolysis of adsorbed aluminium chloride, which was uséd by him for 
peptisation, is a contributory factor. The surprisingly large decrease in pn 
observed by Pugh (loc. cit.) is very probably the result of the hydrolysis of 
large amounts of aluminium chloride likely to be present under the condi- 
tions of preparation of the sol. 


Fic. 4. 
Hydrous alumina sol E—Ag salt titration. | 
{ ‘ 


i 
| 
| 
i 





7 Se : 
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= ea t Cond tibration of 
a = With AgN03, “ss 
& egrcen, titration of ~. 
3 i eet : 
2 Cond. ti! 
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Titration with Stlver Salts. 


Pauli and Schmidt (loc. cit.) and later Thomas and Tai (loc. cit.) 
found that conductometric titration of aluminium hydroxide sols with 
different silver salts gives a constant amount of chlorine which is identical 
with the total amount obtained by dissolving the colloid in nitric acid. 
Raychaudhury, Sen and Chatterjee (J. Indian Chem. Soc., 1934, 11, 13) 
obtained a greater value on titration with silver acetate than silver nitrate. 

Sols A, B, C. D and E have been titrated conductometrically and the 
solD, both conductometrically and potentiometrically, with silver acetate, 
nitrate and sulphate. ‘Total chlorine in the sols has been determined by 
potentiometric titration. The titration curves for sols A, B, D and E 
ouly are shown in Figs. 1-4. The amounts of chlorine obtained from the 
inflexion points of these curves and also from those not shown are given 
in Table IIT. 


Taste TI. 
Reagent Reagent 
AO, CD 
Amount of Amount of 
Vol. reqd at the Strength chlorine* Vol reqd. at the Strength chlorine* 
break, (g. moles break. (g moles 
per litre). per litre). 
Sol A (jo cc.) Sol D (25 c.c } 
0°36 c.c of AgNO, o’o11 N 13'04x107* o'205c¢.c.of AZNO3 oo0098N 079 
is ” 3s — 13°04 ~ ox80c¢ of AggSO, 000097N 0°69 
0°315 c.c. of Ag-acetate 00126 N —_13°09 0°80 f 
13°75"* 0 69+ 
Sol B (50 c.c.) 
8 of* 
0°038 c.c. of AGNO  ~— 00066. N 0'50 Sol EB (so cc.) 
0'026_,, 5 _ OorN o’5I o'orgec.c of AgNO; “o or N 0°28 
» oy AgeSO, oor N o'5r O'225 py ow o"'00066 N  0'2g 
0039», Agacetate o'0065N 0°51 0°075 5, », AgsSO; 0'00066 N  o*1o 
0026 ,, - 0°0098 No “51 00525 5 » ow» o‘oor N o'r 
, 9'78** o'o16 , ,, Agacetateo’oo98N = 0 3 
Sol C occ) 
o'og cc, of AgNOs o‘oo1r N 0°32 07026 4, 4, 4 » 9°0065 N 0'33 
0°03 cc. of Ag-acetate 0 0034 N 0°33 6'04** 


” grat 
* Estimated by conductometric titration except where stated otherwise. 
*# Total chlorine by pot. titration with AgNO. 
+ Chlorine by pot. tltration of nitrafiltrate with Ag NOs 
4. «DOP By! | 55. 5 of sol 3 “i 
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Conductometric titration of sol A with the acetate and the nitrate gives 
an amount of chlorine, Clc which is very nearly equal to the free chlorine, 
Clr, calculated from the x.m.r. of the Ag-AgCl electrode but is somewhat 
smaller than Cly obtained by analysis. In the case of sols B, C, D and E, 
however, Clo is much smaller than Clr and even Clr. Cle is definitely 
greater than the chlorine found in the ultrafiltrate of the sol (cf. Sol 'D, 
Fig. 5). Titration with different silver salts gives values in the order: 
sulphate < nitrate < acetate. The percentages of (Clap (Claude, Clu in 
terms of Clr are given in Table 1V. 


Taste LV, 
Sol. Cle : Cls Chex Clu (Clse)e (Cla )e 
expressed ing moles.per litre. expressed in % Clr‘, 
A 13°75 x 1078 13°18 x 107° set * ave 4’ 
B 9°78 7°65 2 is © ee « 20°0 
c 8'2 6°3 ie is ves 23°1 
D S‘o 3°2 0°69 x 107 § g2°0 21'5 60’0 
K 6°04. 225 ate Pe oak 62°7 


The amount of the osmotically inactive chlorine (Clar)p in the different 
sols is in the order . sol E > sol D > sol C> sol B> sol A. ‘She H* ion 
concentrations and specific conductivities of the sols are in the reverse 
order, 


~ 


Titration with Neutral Solution of Potassium Salts 


Thomas and Whitehead (Joc. cit.) and Thomas and Tai (loc. cit.) 
observed an increase of the pax of hydrous alumina sols on titration with 
potassium salts; with the oxalate or acetate the pa passed through a 
maximum. ‘They attributed the rise in pa tothe replacement of hydroxo 
groups of the complex by anions, and considered that the oxalate was more 
effective because of its greater ‘penetrating power’. The subsequent 
decrease was explained as arising out of “salt effects.’’ The simultaneous 
displacement of chloride ions by the salt solutions has not been recorded 
in the above paper. Weiser (loc.cit.) found that Cl ions were displaced. 
The rise in the p" of the sol obtained on the addition of potassium 
oxalate was attributed to the slight alkalinity of the K,C.O, solutions. 
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Changes in the hydrogen and chloride ion activities of sai D consequent 
on the addition of weéutral* normal solutions of KCl, K.SO,, K.C,0, and 
K sFe(CN), have “been shown in Fig. 5. The neutral salts decrease the 


Fic. 5. 
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activity of hydrogen ions and increase that of the chloride ions to a marked 
degree.. The change is at first rapid, then more slow and ultimately 
almost constant values are reached. The order of effectiveness of anion 
in raising the py and in decreasing the px is the same, namely chloride 


* The ps of the seli solutions was adjusted to 7°0, on adding small amounts of acid 
or alkali This did not materially alter the concentration of the anion in the solution. 
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< sulphate < oxalate <ferrocyanide. The final pu in all cases is on the 
alkaline side and for the oxaiate and the ferrocyanide it risesto about 8°75. 
A comparison with the rise in pa on adding these salts to «water containing 
a trace of HCl to bring the pu near about that of the sol (Fig. 5) shows that 
the increment in pa is not due to the alkalinity of the salt solution as 
suggested by Weiser (loc. cit.) but should be ascribed to the displacement 
of OH ious by the anions. 

In the titration with fefrocyanide, the Ag/AgCl electrode appears to 
have been poisoned as the displaced chlorine is greater than the total con- 
centration of chlorine in the sol. 


Stiucture of the Micelles. 


‘The views of Pauli and Valko (loc. cit.), Thomas and Whitehead 
(loc. cit) and of Weiser (loc. cit) regarding the micellar structure of hydrous 
alumina sols have been fully described by Weiser (‘‘ Inorganic Colloid 
Chemistry’, Vol. II, 1935). The results described above admit of a simple 
explanation if the following structure is ascribed for the micelles : 


The core of the micelle has the composition +Al,0,, yH,O. ‘The 
isoelectric pu 18 8'2 for alumina precipitated from the chloride (Mattson, 
Sol Sci., 1930, 80, 459). In the titrations of aluminium salts with alkalis, 
precipitation of alumina begins at about pu 3°5 and is complete at pu about 
68. Above this pu the precipitated alumina dissolves in the alkali and 
solution 1s complete at about pu ro’9 with the formation of NaAlQ, 
(Further dicussed in Part II of this series ; also Britton, J. Chem. Soc., 1925, 
127, 2120; Hildebrand, J. Amer. Chem Soc., 1913, 38, 864; Blum, ibid., r9x3, 
85, 1499). The dissociation constant of aluminic acid HAJO, can be taken 
to be of the order of ro71°*. It is reasonable td assume that during the 
precipitation of hydrous alumina by alkalis from aluminiuin salts, in the 
acid region the solution will contam Al'~*, H* and probably AlO” ions. 
The latter is probably formed near about pu 6 and occurs for the case 
in which chloride ions are adsoibed on the surface near this region perhaps 
‘ toform AIOCI (Indian J. Agric. Sci., 1934, 4 733). In the alkaline region, ° 
ou the othe: hand, the system will contain OH™~ and AlO,~ ions. In the 
interinediate range ot pu , ali these positive and negative ions will be simutl- 
taneously present, their relative proportion being determined by the 


* Regarding the dissociation constant of aluminic acid there {s some controversy 
(cf Blum, loc. cit.: Mahiv, Ingraham and Stewert, J. Amer. Chem Soc, 1913, 36, 
30 , Slade, Z anorg, Chem , 1912, TT, 457) 
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prevailing pu . Hydrous alumina during precipitation therefore will contain 
ou its surface a primarily absorbed layer of ions (Mukherjee, loc. cit.) both 
positive and negative ions, their relative numbers depending on the pu of 
the sol. If this pu is. low, the ratio of primarily adsorbed positive to 
negative ions will be large or practically infinite and the particles will be 
positively charged. On the other hand, if the pu is high, this ratio will be 
small or practically zero and the particles willbe negatively charged. 
The positive ions on the surface, Al’** or AlO*, will draw an equivalent 
number of negatively charged ions, OH~, Cl", near them “some of which 
will be secondarily adsorbed neutralising a portion of the positive ‘charge. 
The rest of the balancing negatively charged ions balancing the’free positive 
charge will be in the difluse or mobile sheet of the double layer. A similar 
relation holds for the negatively charged ions AlO, on the surface, the 
balancing ions in this case being cations e.g., H* ions and the cations of 
the added base. The proposed structure is diagrammatically represented 
in Fig. 6. 





“ 


gH Cl” cl” Ht_ cr _on” cl” OW oH 
OH™ x 
cl” 


cl" OH" cI- 
ci" OH” H* 
[The ratio of +ve to —ve primarily adsorbed ions depends on px J. 


DIscuUSSION. 


Tilration with Silver Salts —The silver salts first react with the free 
chloride in the intermicellary liquid and then with the mobile and bound 
chloride ions of the double layer. The chlorine of the primarily adsorbed 
layer and that present as AlOCI will be the last to- react. The extent to 
which the reaction will proceed appears to be conditioned by the stability 
of the sol. ‘ ‘he silver salts tend to coagulate the sol. If the sol is not 
sufficiently stable, coagulation may set in before the chlorme has completely 
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reacted with the silver salt and a eoueiieable pait may “be blocked within, 
the coagulum and thus left ‘unreacted upon This accounts for the much. 
sinaller Clo than Clr or Cl: of sols B,C, Dand E. For sol A, Cle is equal 
to Cl; and very nearly equal to Cl; This sol unlike others has | a definitely 
acid .reaction and the pa is low enough to ensure the presence of ‘alte and 
AlO* ions on the surface as a priinarily adsorbed layer. ‘That coagulation, 
plays a part in the estimation of the chlorine by conductometric titrations 
is indicated by the fact that the Cl. values obtained with different silver 
salts are in the order SO”, << NO’,;< Ac! The relative effects of these 
anions on the coagulation’ of positively ‘charged hydrous alumina sols are 
also in this order. ; 


- In the titration with salts or acids, the px of the sols is in the alkaline 
and acidic regions respectively and hydrous alumina sols are known to be’ 
stable in acidic or alkaline regions, whereas in the titration with silver 
salts, the pba remains near about the neutral region where it is the least 
stable. It can therefore be understood why in the titration with silver 
salts the sols get coagulated more quickiy and chlorine obtained is less and 
follows the order that is found. It is also possible that in the initial stages 
sulphate displaces more chlorine and more AgCl is formed than either with 
the nitrate or acetate. The AgCl may thus form a greater coating on the 
colloid particles and thus the particles escape reaction and a smaller amount 
of chlorine reacts with the sulphate. 


Pauli and Schmidt (loc. cit.) have interpreted their results to mean 
that the whole of the chlorine is in the reactive state. But it appears from 
the low pu value (451) of their sols, that they were similar to, but 
more stable than sol A. It does not appear difficult therefore to see why 
these authors obtained the same total amount of chlorine by conductoinetric 
titration with different silver salts. 


Titration with Potassium Salts:—The change in pa and pa with 
the addition of K salts is significant. It shows simultaneous presence of 
OH and Cl ions in the double layer and they are both displaced by the 
anions of the salt solutions. “The observed changes can be explained as 
follows: see 

On the addition of a salt, its anions enter into the diffuse or mobile © 
layer of jons and are adsorbed secondarily to an extent depending on the 
condition. As a result of their penetration into the double layer, they 
displace OH and CI ions into solution. The K* ions are not likely to 
be secondarily adsorbed to any large extent but they should be capable of 
of. displacing H* ions into solution. ‘Two opposite forces have to be thus 
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taken into consideration so far as the pa changes are concerned, ‘These 
are the adsorption of anious which tend to increase the pu and the adsorp- 
tionof K* ions which tend to lower the px . Their relative magnitude 
depends again on the condition in the double layer. The amount of 
displacement of the different jons at any instant will depend on the ratio 
of positive to negative ions im the double layer at that instant. This ratio 
as has already been stated, depends on the pz of the system. In the pure 
sol there is a preponderance of positive charges over negative charges. 
Inr the initial stages of the titration, the relative effect of the anions will 
therefore be greater than that of K* ions. The net effect will result in 
an increase in px . As the pu increases, the ratio of positive to negative 
charges in the primarily adsorbed layer of ions decreases and the adsorption 
of K* ions and consequently the displacement of H* ions increases. In 
the later stages of the titration, the two opposing forces will balance and 
the px wili remain constant. ‘The anions of the added salt displacing a 
ions from the double layer into the intermicellary liquid increases the 
chloride ion activity of the sol. 


CUNCLUSION. 


Highly purified hydrous alumina hydrosols of high px and low specific 
conductivity (sols C, D and E) have been prepared by peptisation of 
hydious alumina precipitated from purified aluminium chloride and pure 
ammonia and purified by dialysis and electiodialysis. Their electrochemicab 
properties have been studied and compared with sols of lower pu and higher 
specific conductivity prepared by the same method but purified only by 
ordinary dialysis (sols A and B). 


On ageing, the fx of hydrous alumina sols slightly decreases and 
then becomes almost constant. , 


In sols A and B same amount of chlorine is obtained by conduc- 
tometric titration with different silver salts and this for sol A is almost 
equal to the total chlorine concentration of the sol. Conductometric and 
potentiometric titrations of sols C, D and E, however with different silver 
salts give an amount of chlorine which is much Smaller than either the free 
_ or the total chlorine content of them. Further interesting is the observation 
that in conductometric titrations, sulphate gives a smaller amount of chlorine 
than nitrate and nitrate smaller than acetate. 


The difference between the total chlorine and that contained in 
the ultrafiltrate represents the amount of chlorine that is present in associa- 
tion with the colloid particles of which part is free and part is bound. 
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As the sols become more and more pure, the percentage of bound 
chlorine becomes greater. Neutral salts decrease the H* ion activity and- 
increase the Cl~ ion activity of the sols. The order of effectiveness of the 
anions in both cases is chloride < sulphate < oxalate < ferrocyanide. 

A probable constitution of these sols has been suggested. 


Thanks of the author are due to Prof. J. N. Mukherjee, for his 
suggestions and also for his kind and encouraging interest in the work and 
to the Calcutta University for the award of a Research Scholarship during 
the tenure of which this work was done. 
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STUDY OF. THE FATTY OIL FROM THE SEEDS OF 
_STAR-ANISE, 


By J. W. Arman anv S. V. SHAH. 


The fatty oil contains the following percentages of acids: myristic, 4°43, stearic, 
7°93 , oleic, 63°24, linolic,24 4 The yield of the oil is 55% on the weight of the decorti- 
cated seeds. : 


Star-anise (N. O. Magnoliaceae) comprises several ever-green aromatic 
shrubs with coriaceous leaves, readily known by the arrangement of the one- 
sided carpels in one radiating whorl. When ripe, they are woody and split 
at the upturned ventral suture so that the seeds become visible. The carpels 
are used as an ingredient in curry powder, but the seeds are usually thrown 
away. : 

The present study deals with the fatty oil obtained from the seeds of the 
variety, obtained locally from the bazaar, and known as ‘‘ badamful,’’ 
and identified as. verum. It. is imported from China. A preliminary 
note. on the subject appeared previously (Current Sci., 1939, 8, 388). 


It should be noted that Bulir (Z. Nahr. Genussem, 1912, 24, 309) 
has also studied the oils from two varieties of Illicium. His results are 
summarised below along with our results. 


TABLE I. 
I. verum — I.religiosum Badamful 
4 (Bulir). (Bulir). (I. vertim). Authors. 

Yield on 20% 12°5% . 55% 
Jodine value 93° 90°6 88°36 
Sap. value 193°8 193°4 7 . 194°5 
Liquid acids 68°9% 70°0% 87°64% 
Solid acids 25°8% 25% 12°36% 
Oleic acid - 45°0% 60°2% 63°24% 
Linolie acid - 23°9% o8% 244% - 
Palmitic acid 23°2% azsK% — | 
Stearic acid 2°6% 2°5% 793% - 
Myristic acid’ _ : ~- 4°43% 


6—1427P—4 
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From the above table it appears that the oils Bulir has studied 
were quite different from each other as well as from the one we have studied. 
One of the oils obtained by Bulir had a fluorescence and both of them were 
yellow in colour. Our oil was reddish yellow in colou: and had no fluores- 
cence. Further, the figures for total solid fatty acids obtained by Bulir from 
the two oils are almost double of what we found in our oil, Even the com- 
position is quite different. He finds no myristic acid in his oils whereas we 
find no palmitic acid in our oil. 


EXPERIMENTAL. 


The seeds were first decorticated, crushed and then extracted with 
petroleum ether ina Soxhlet apparatus, the ether from the extracted oil being 
removed by distillation, and the last traces by distillation under vacuum. 

The oil has no’ particular taste. Its appearance is reddish yellow. 
Its physical and chemical constants are given in Table II. 


TABLE II. 
Yield (on the weight of decorticated seeds) 55% Sp. gr. at 25° 0'9128 
Sap value - 194'5 Acetyl number.. 8°37 
Ref Index at 25° 1°4677 Reichert Melssel value 0°75 
Jodine value 88°36  Polenske number 0 29 
Acid number 11°65 Unsaponifiable matter 059% 


The Insoluble Fatty Acids. 


The oil was saponified with alcoholic potash and then the alcohol was 
completely distilled off. Thesoaps obtained were dissolved in large quan- 
tities of water and the free- fatty acids liberated by the addition of hydro- 
chloric acid. The fatty acids (95%) which floated on the top were washed 
with water,filtered through a hot water funnel, and dried over calcium 
chloride. ‘Their constants are given in Table III. 


TABLE III. 
Mixed Fatty Acids. 


Yield 95% Titre value 20°C 
Todine value 99°45 Acid number 2035 


Mean M. W. 280°6 
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Separation of Solid and Liquid Fatiy Acids. 


The mixed fatty acids were separated into solid and liquid acids by 
Twitchell’s lead sult method (Ind. Eng. Chem., 1921, 18, 806) when their 
percentages were found to be as follows : 


Total mixed acids taken - 199°92 g. 
: Solid acids obtained ~  a3°B g. (12°36%) 
Liquid acids obtained 168°7 g. (87°64%) 


The Solid Acids. 


The lead salts were decomposed with dilute nitric acid, and the liberated 
fatty acids were taken up with ether. ‘The ether extract was washed several 
times with water till the washings were no longer acid to methyl orange. 
On evaporating the ether, the solid acids were obtained, constants of 
which are given below. 


é Taste IV. 
” Percentage 12°36 Acid number aI5.5 
Iodine value = Mean M. W. 259°9 


Methyl Esters of the Solid Acids. 


The solid acids were refluxed for nearly 4 hours with methyl alcohol, 
saturated with dry hydrogen chloride. The mixture was then poured into 
water and ether added. ‘The ether extract’ was washed with a solution of 
sodium carbonate to remove any unesterified acids, and then after the eva- 
poration of the ether, the esters were dried over anhydrous magnesium 
sulphate and then fractionally distilled under reduced pressure. ‘The details 
are given in Table V. 


Taste V. 


rg G. esters distilled under 2 mm. pressure. 


Fraction. Temp. Wt. Sap.value. Fraction. Temp. Wt. Sap. value. 
I Below 170° 7°89 Z. 2I2°9 IV 180°-185° I'04 g. 19I°7 
0 170°-175° 3°3 208 2 Vv 185°-200° 1°82 IQI'7 


TH = 175°-180° 1°82 198'5 VI Residue 2°68 | 190°7 
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In the case of each of these fractions, acids were separated by fractional 
precipitation, and only myristic and stearic acids wete isolated. Tach 
fraction was hydrolysed and the acids obtained were fissolved in dilute 
acetone; when in each case the acid that crystallised out first, melted at 
67-68° and had 281283 as its molecuiar weight. The mixed 
melting point with each other in the case of these samples remained un- 
changed. Similarly the mixed melting point with an authentic sample of 
stearic acid remained unchanged. ‘The mother-liquor in the case of eacli of 
the fractions yielded an acid melting at 52-53°, the melting point in each 
case with an authentic sample of myristic acid remaining unchanged. 
Molecular weight in all these cases was 228. The intermediate fractions were . 
further fractionally crystallised when only these two acids were obtained. 

In Table VI are given the calculated proportions, on percentage basis, 
of these two acids, fraction-wise. Corresponding theoretical saponification 
values of their methyl esters and meau molecular weights are also given, 
which compare well with observed values. 


TABLE VI. 


Frac- % acids. S.Vof Mean Frac- % Acids. 5. V of Meau 
tion. : methyl M.W. tion. : methyl M W. 
esters. . esters. 
Myristic. Stearic. Myristic. Stearic 7 
I 50 50 209°7 256 Iv 15 85 194°68 275'6 
Ir 40 60 20354 261°6 V 15 85 19468 27576 
TII 38 62 200°45 263 Residue 10 90 192 5 278°5 


x 
. 


Total mean inolecular weight: calculated here, which is 263, compares 
well with the one actually observed (259°9'. Thus the solid acids are., 
myristic, 35°8% and stearic, 64°2%. 


Bromination of Liquid Acids. 


‘The liquid acids (20 g.) were dissolved in 50 c.c. of glacial acetic acid. 
Separately bromine was mixed with equal volume of acetic acid, and the 
two were left in an ice-box for a while. . Then the bromine solution was 
slowly added to the acids with constant shaking, till the colour of bromine 
persisted. The flask was kept in ice all along. 

The flask was then kept in an ice-box overnight, and no solid was 
obtained. The whole was then poured into cold water and shaken 
with sodium thiosulphate to remove excess of free bromine. Then after the 


» 
egt : 
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removal of water, petroleum ether was added, and the whole mass stirred for 
along time: Gradually a solid began to separate. The precipitate was 
transferred to a weighed filter paper and washed with cold petroleum ether 
* till the filtrate became colourless. The solid bromo derivative was weighed 
and crystallised from alcohol, mn.p. 113-14°; the bromine was estimated 
to be 52°84%. The weight of the bromide was 12°5g. Ether was removed 
from the filtrate and again after washing with sodium thiosulphate, it was 
thoroughly dried. It weighed 22'62 g., and its bromine contents were 
35'55%- 


TABLE Vu. 


Acids taken for bromination= 20 g. 

Oleic dibromide obtained=22'62 g. (Found : Br, 35 55%. Calc. Br., 36°18%). 

Linolic tetrabromide obtained=125 g (Found: Br, 52 84%. Calc. Br, 53 33%). 
Hence : 

- 12'5 G.of linolic tetrabromide=5°566 g Iinolic acid. 22 62G of of oleic dibromide 

=14'43 g. of oleic acid. 

Oleic‘acid present =72°15%. 

Linolic acid present =27'83%. 


This percentage composition of the liquid acids corresponds well to the 
iodine value of the mixed liquid acids, and that of the mixed solid and liquid 
acids already obtained - 


* 
‘ 


‘Calculated mean iodine value for mixed liquid acids=115°45 


The one actually obtained «114'5 
The I V.(calc on the basis of 12°36% solid.and 87°64% liquid acids) = 101°2 
‘The one actually obtained =99°45 ; 


Hence the percentage of the fatty acid contents of the oil works out as 
follows: Myristic acid, 4°43; oleic acid, 63°24; stearic acid, 7°93; linolic 
acid 24°4. Mean molecular weight calcuiated according to these figures comes 
to 279°3 which corresponds well to to the observed value, 280°6, 
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‘CONDENSATION OF CHLORAL WITH 2-METHYL-4-QUIN- 
_ AZOLONE, 2-METHYL.-3-AMINO-4-QUINAZOLONE AND 
SOME OF THEIR DERIVATIVES. 


oom By P. Y. KuLKARnI. 


Chioral condenses with 2-methyl-4-quinazoloue aud 2-methyl-3-amino-4-quinazolone 
giving rise in the former case to 2-y-trichloro-8 hydroxypropyl-4-quinazolone. The hydroxy 
group appears to be very Jabile as it is eliminated as a molecule of water on further 1eac- 
tions. The y-trichloromethyl group hydrolyses on treatment with alkali giving an 
acrylic acid derivative. 2-Methy]-3-8-trichloro-e-hydroxyethylamino-4-quinazolone elimi- 
nates water on treatnient with acetyl chloride. 


It ig well known that a methyl group onacarbon atom, adjacent 
to the nitrogen atom of a basic heterocycle, as for instance in 2-methyl- 
pyridine, 2-methylquinoline, 4-methylquinoline and 2 : 4-dimethylquinoline 
etc. condenses with aliphatic aldehydes to form compounds of the type 
R'CH,'CH’OH’R and with aromatic aldehydes to form compounds of the 
type ROH,=CH'R. 


An aliphatic aldehyde, such as chloral, has been condensed with 2-methyl- 
pyridine (Kinhorn, Annalen, 1891, 268, 208), 2-methylquinoline (Miller and 
Spaddy, Ber., 1855, 18,. 3403), 4-methylquinoline (Kénigs and Muller, Ber, 
1904, 87, 1337). and 2:4-dimethylquinoline (Konigs and Mengel, Ber 1904, 
37, 1322), witha view to studying the products obtained by the alkaline 
hydrolysis of the y-trichloromethy| group in the resulting compounds. 


2-Methyl-4-quinazolone has been already condensed with aromatic 
aldehydes giving styryl compounds (Bogert and Beal, J. Amer. Chem. Soc., 
r910, 82, 1654; 1912 34, 516). On the other hand chloral forins with it 
the intermediate aldol type of Rondens; Hon viz., 2~y-trichloro-8-bydroxy- 
_ Propyl-4-quinazolone (1). 


N°: N 
“\cCH,'CH'OH'CCI, Nc'CH=CH'CCI, 
he 


(1) (If) 
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NH L) ‘NH’CHOH'CCI,; 
Co Cc 


(111) (IV) 


.N N 
Necu=cucoon ~ Y ScMe 
O 


The B-hydroxy group in 2-y-trichloro-8-hydroxypropyl-4-quinazolone 
(I) readily eliminates as water, as on acetylation instead of giving the 
expected f-acetyl derivative it gives the o8-unsaturated compound (II). 
Similar tendency towards formation of of-unsaturation was observed by 
Einhorn (loc. cit.) while preparing the 8-chloro derivative of 2-y-trichloro- 
8-hydroxypropylpyridine. 

On treatment with concentrated caustic alkali the y-trichloromethyl 
group in (I) hydrolyses to a carboxyl group with simultaneous elimination 
of a molecule of water and 4-quinazolone-2-acrylic acid (III) is obtained. 
Einhorn (loc. cit.), Miller and Spaddy (loc. cit.) and Konigs and Mengel 
(loc. cit.) similarly obtained acrylic acid derivatives of pyridine, quinoline 
and 4-methylquinoline respectively, which on further oxidation gave the 
corresponding aldehydes. 

It has been found that a primary aromatic amino group vigorously 
condenses with chloral with the formation of the compounds of the type 
R'N=CH'CCl;, and (RNH),:CHCCI, according to the molecular proportion 
taken and no intermediate hydroxy compound could be isolated (Wheeler 
and co-workers, J. Amer. Chem. Soc., 1908, 80, 136). But 3-amino group 
in 2-methyl-3-amino-4-quinazolone exhibits a marked decrease in reactivity 
as chloral condenses with it to give the intermediate 2-methyl- 3-B-trichloro- 
a-hydroxyethylamino-4-quinazolone (IV ). Chloral could not be further 
condensed with the 2-methyl group due to the steric hindrance. On 
acetylation, the o-hydroxy group instead of forming the regular acetyl 
derivative eliminates water similarly giving 2-methy]-3-trichloro- 
ethylideneamino-4- quinazolone. The alkaline hydrolysis product of (TV) is 
under investigation. 


EXPERIMENTAL. 


a-y-Trichloro-B-hydroxypropyl-4-quinazolone. —2-Methyl-4-quinazolone 
(10 g.) and chloral (10 g.) were heated in a flask, fitted with an air-condenser, 
on a wire-gauge over a low flame for 3 hours. On cooling, the mixture 
was poured into water and allowed to stand till the pasty mass solidified 
(15 g.). It crystallised “from rectified spirit in shining yellow needles, m. p. 
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204-5°. It readily dissolves with decomposition in cold caustic alkali. 
It also dissolves in slightly warm dilute hydrochloric acid. It gives greenish 
fluorescence with dilute alcohol. (Found: C, 42'7; H,,2°9; N, 88; Cl, 
34°53» CuH,O.N,Cl, ‘requires C, 42.9; H 2°9; N, 9°13; Cl, 34°63 per 
cent). Hydrochloride of 2-y-trichloro-8-hydroxy-4-quinazolone does not melt 
at 300°. (Found: Cl, 41°0. Cy,HiO,NaCl, requires Cl, 41°2 per cent). 
3 4-Dthydro-4-keto-2-quinazolinyl-trichloropropylene.—A mixture of 
the above compound (2 g.) and acetic anhydride (2-c.c.) to which one 
-drop of concentrated sulphuric acid had been added was warmed in a test 
tube fitted with a condenser for 2 hours. On cooling, the mixture was poured 
into water, when a solid separated out It crystallised from glacial acetic 
“acid in white granules, m. p. 212°. It is insoluble in alkali and hydrochloric 
acid. (Found Cl, 364. C.,H;ON,Cl; requires Cl, 36 8 per cent). 
4-Quinazolone-2-acrylic acid.—2-y-Trichloro-8-hydroxy-propy'-4-quin- 
azolone (5g) was dissolved in sodium hydroxide (10%, 50 c-c.) and 
the solution heated at 60° on a water-bath for 4 hour. Qn cooling: it 
was neutialised to slight acidity by dilute acetic acid and the -solution- was 
concentrated to half the volume. The product crystallised on keeping in 
frigidaire in yellowish prismatic crystals, m. p. 262-63°. It is strongly acidic 
to litmus and gives effervescence with dilute sodium bicarbonate solution. 
(Found: GC, 60°6; H, 39; N, 12°8. CyHsOsN, requires C, 611; H, 3°73 - 
N. 13'0 per cent). : 
2-Methyl-3-B-trichloro-a-hydroxyethylamino-4-quinazolone.—2-Methyl- 
3-amino-4-quinazolone (5 g.) and chlorai (4 g.} were mixed together in a 
flask. fitted with an air-condenser; when the mixture became hot. This 
mixture was heated on a water-bath at 70°-80° for x hour and on cooling, 
‘was poured into water. It crystallised form alcohol in white shining needles, 
m. p z51-52°. (Found: N, 13°2; Cl, 33°3 CiHiOsNsCl, tequires N, 
130; Cl, 33°0 per cent), 
2-Methyl-3-trichloroethylsdeneaminoqutnazolone. —2-Methyl-3-f-tri- 
‘chloro-« hydroxyamino-4-quinazolone (1°5 g) was dissolved in pyridine 
{ro c.c) and acetyl chloride (2 c.c.) was added to it graduatly“at 0° with 
constant stirring. It was kept ina refrigerato. overnight. Next day tHe 
solution was poured into dilute hydiochloric acid when a solid separated 
out. It crystallised from alcohol in white needles, m. p. ro4°-5°. (Found. 
N, 13'8. C,,HsONsCl; requires N, 13°8 per cent). 


ORGANIC ‘ HEMISTRY DEPARTMENT, : Received December 20, 19.41. 
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THE FATTY OIL FROM THE SEEDS OF 
PRINSEPIA UTILIS, ROYLE. 


By S. V. PunTAMBEKAR. 


The chemical and physical constants of the fatty oil (21%) from the seeds of Prinsepta 
Uillis, Royle as well as of its constituent acids have been determined. No constituent 
of medicinal value has been located in the oil. 


Prinsepia utilis, Royle (N.O. Rosaceae) known as bhekal (Hind.) isa 
deciduous, thorny shrub found in the outer Himalayas, from Hazara to 
Bhutan at 2,000 to 9,000 ft. Italsooccursin Khasia Hills and is naturalized 
in the Nilgiris. The fruit is 0'5’—o'7? long, cylindrical, fleshy and deep 
purple when ripe and has one seed. By expression the seeds yield a fatty oil 
which is much used in the N. W. Himalayas for food, illumination and 
as a medicine, 

Except for the statement made by Kirtikar and Basu (‘‘ Indian Medicinal 
Plants,’’ 1st Ed., Pt. I, p. 52z) that ‘“‘In specific gravity, iodine value 
- and melting point of the insoluble fatty acids, the oil (two samples at Indian 
Museum) resembles that derived from cotton seed’’, there is no reference in 
literature to the physical and chemical properties of the oil. It was, 
therefore, thought advisable to record the results of the detailed examina- 
‘ion of the oil in this paper. 


ExPRERIMENTAL. 


‘The air-dried seeds (received from the Divisional Forest Officer, 
Chakrata Forest Division, Chakrata, U. P.) were found to consist of 37°5% 
pericarp and 62°5% kernels. The latter on hot expression in a hydraulic 
press yielded 18% of a pale yellow fatty oil. Additional 19°2% were 
obtained by extraction of the residual cake with petroleum ether thus 
making a total of 37°2%. 


Tassie I. 
Chemical and physical constants. 
Fatty oil Mixed acids 
Consistency .. Thin Sap. value 200°2 Mean M. W eee 272°3 
Rotation [a}3°° « Nil Acid value 23°71 Todine valne .. =II2"0 
(Hanus) 
Sp. gt. at 20° ws O'92TS Acetyl value  ~-12°3 Sat acids oo 21°3% 
Ref. index at 20° .., 174625 Hehner value 89°3 Unsat. acids -  77°2% 
Todine valne* «.. 109°8 Unsapon. matter 0°5% Resin acids zs 1°5% 


(Hanns) 


« On standing the oil got oxidised and in course of a year the iodine value fell to 
84'0. 
7—1427P—4 
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‘Composition of the Mixed Acids. 


The oil (285 g.) was saponified with alcoholic sodium hydroxide. The 
alcohoi was distilled off, the resultant soap. dissolved in whter aud the mixed 
acids liberated by the addition of concentrated hydrochloric acid. The 
free fatty acids were washed with warm water and neutralised with 10% 
sodium hydroxide. The soap solution was concentrated, incorporated with 
washed filter paper pulp and the resulting mass was dried, powdered, 
and extracted with ether im a soxhlet to remove the unsaponifiable matter. 
The mixed acids (204 g.) were liberated from the residual soap, purified 
in the usual manner and 147°5g. of these were separated into solid and 
liquid acids by the well known ‘Twitchell’s lead salt-alcohol method 
(Ind. Eng. Chem, 1921, 18, 806). 





TasLe IT. 

b Acids Net_wt, I. V. 

(S) Solid ~ 28°70 2°3 

(S4) Solid 5°58 316 

(L) Liquid YII"20 142 3 

(R) Resin 2°02 —_ 

147°50 
Solid Acids (S), , 


The solid acids (44 9.*) were converted into methy] esters in the usual 
manner with 3% methyl alcoholic bydrochloric acid After distilling off 
the methyt alcohol the esters were washed with saturated salt solution, 5% 
sodium carbonate and finally with distilled water. After drying under 
vacuum 42g. of the esters were distilled atgq mm. into the following 
fractions. 

Tass I. 


Component methyl esters 
Fractions B p. MeanM.W. Net wt. Myristate. Palmitate. Stearate Lignocerate. 


S Below 185° |, 240°I 0°75 o'75 _— ~ _ 
Sy 185°—188° 268:2 3°10 _- 3°I0 _ _ 
S3 - 788°—r91° 270°0 14°50 —_ 14°50 _ _ 
Sy 19t"—193° —-276"5 8 84 = 6°79 2°05 _ 
Ss 193°— 199" 280°8 560 _ 344 2°16 
Se 199°—205° 2834 3 29 = 1°72 1°57 _ 
S 205°— 210° 298°2 3°52 — — 352 nike 
Residue = a 2°40 = _ 0°40 2°00 
Total 42 00 075 29°55 9°70 2°00 
Per cent 100% 18% —-70°3% 23°1% 48% 


* A portion was taken from a separate Twitchell’s separation. 
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All these fractions were saponified separately, the corresponding acids 
were liberated and these were fractionally crystallised from acetone in order 
to isolate the individual acids in the usual manner. 


Acids from fraction S; had a mean M. W. of 2261 and melted at 
50-51°. The acid, therefore, appears to be myristic. The quantity being 
small no further identification was possible. 


_ Acids from fraction Sg (m.p. 58-59°, mean M. W. 259) and Ss (m p. 
58-59°, mean M. W., 258°6) being alike were mixed together and crystallised 
from dilute acetone. Crystals, m.p. 61-62°, M. W 258, were obtained. 
Their mixed melting point with an authentic sample of palmitic acid 
remained unaltered. The residue from the mother-liquor melted at 59-60° 
and had a M. W. of 260. ‘The fractions thus almost entirely consisted of 
palmitic acid. 


Acids from fractions S, and S, were separately obtained and frac- 
tionally crystallised from acetone. Products melting at 57-58° and 56-57° 
and having M. W. 262°5 and 266°8 were obtained. Further crystallisation 
did not bring about separation of any acid but gave the same product, m.p. 
54-55°, M. W. 269. This was presumably the eutectic mixture of palmitic 
and stearic acid since palmitic acid was found in fraction Sg and stearic in 
fraction Sg. 

Acids fron fraction Sg had a melting point of 58-59° and M. W. of 
269°4. Crystallised from acetone crystals melting at 66-67° (mixed m.p. 
with pure stearic acid 67-68°) and M. W 2782 were obtained. The fraction 
thus contains stearic acid (isolated) and palmitic acid (not isolated). 


Acids from fraction S_ melted at 64-65°. Their mixed melting point 
with a sample of pure stearic acid was 64-66°. Twice crystallised from 
alcohol they melted at 68-69°, M. W. 284°2. Their mixed melting point 
with pure stearic acid remained unaltered. The acids from the mother-liquor 
melted at 64-65°, M. W. 280’0. The acids from this fraction consisted 
almost entirely of stearic acid. 

‘The acids from the residue being mixed with the products of decom- 
position were highly coloured. ‘These were first saponified and the liberated 
acids were thrice crystallised from dilute acetone giving crystals, m.p. 75-76", 
M. W. 3584. When mixed with a pure sample of lignoceric acid the 
melting point. was 77-78°. The acid thus appeared to be lignoceric acid. 
‘The residue from mother-liquor on concentration and crystallisation yielded 

.erystals melting at 64-65°, M. W. 3109 Mixed m.p. with pure stearic 
acid was 64-67°. The residue, therefore, appeared to consist of lignoceric 
and stearic acids. f 
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Solid Acids (S). 


These acids were liberated from the lead salts that had crystallised 
out on standing from the lead salts of liquid acids after the latter’s separation 
by Twitchell’s method. They were oxidised according to the method of 
Bertran (Zeit. deul. oel fett Ind., 1925, 45, 733) to remove the unsatura- 
ted acids. The resulting saturated acids (M. W. 245) on crystallising twice 
from dilute acetone gave a product, mp. 58-59°, M. W. 259 Its mixed 
melting point with pure palmitic acid was 61-63°. From the filtrate a 
product melting at 50-51° presumably myristic acid was isolated but was 
not sufficient for further identification. These solid acids, therefore, 
consisted of a mixture of myristic, palmitic and unsaturated acids identified 
below. 


Liqutd Acids {L). 


Oxidalion.—The liquid acids were saponified to break up any esteis 
which might have been formed during Twitchell’s separation. A portion 
of the de-esterified acids was converted into potassium soap and oxidised in 
cold alkaline solution with dilute potassium permanganate according to the 
modified mothod of Hazura (Lewkowitsch, “Chemical Technology and 
Analysis of Oils, Fats and Waxes ’’, 1921. 6th Ed., Vol. I. p. 575). From the 
resultant acids dihydroxystearic acid, m.p. 130-31°, M. W. 315, a 
tretrahydroxy stearic acid (sativic acid) m.p. 172-75°, M W. 352, and azeleic 
acid, m.p. roz-102°, M. W. 186's5, were isolated. No hexahydroxystearic 
acid was found indicating thereby the absence of linolenic acid. 


Bromination.—Ljiquid acids (26502 g.) were brominated according 
to the method of Eibner and Muggenthaler (Lewkowitsch, loc. cil. p. 585) 
yielding 3.9200 g. of the brominated product but no hexa or higher 
bromides. The product was soluble in petroleum ether and no crystalline 
tetrabromide could be isolated on concentrating and cooling the solution, 
This showed that the terabromides present were mostly from #-linoleic acid. 
The oxidation and the bromination results thus clearly showed that the-liquid 
acids consisted only of oleic and linoleic acids. 


The above data on calculation gave the percentages of the constituent 
acids as follows: myristic (1°8%), palmitic (15°2%), stearic (4°5%), 
lignoceric (0°9%), oleic (32°6%), linoleic (43°6%) and resin (14%). It may 
be pointed out here that the mixed fatty acids exhibit the general characteris 
tics of the mixed acids from the seed fats of Rosaceae family (Hilditch, ‘‘ The 
Chemical Constitution of Natural Fats’’, 1940, p. 134) in that the major 
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component acids are oleic and linoleic and the mimor ones palmitic and 
stearic though palmitic acid occurs in quantity much larger than has 
so far been found’in the family and oleic acid in quantity much smaller. 


Unsaponifiable Matter. 


The unsaponifiable matter, obtained from thé sodium soaps of the mixed 
acids by extraction with ethyl] ether, when crystallised- from alcohol gave 
plates, m.p 127-28°. On iecrystallisation from the same solvent crystals 
melting at 128-29° were obtained. ‘The acetyl derivative of the product 
melted at 118-19°. The product gave the usual tests for phytosterol and 
appeared to be sitosterol, the common phytosterol found in seed fats. 


CONCLUSION. 


The fatty oil from the seeds of Prinsepia ultls, Royle, cousists of the 
glycerides of myristic acid (1°8%), palmitic acid (15°2%), stearic acid (4°5%), 
lignoceric acid (0’9%), oleic acid (32°6%) and linoleic acid (43°6%) together 
with resin acid {1°4%) and unsaponifiable matter (05%), containing the sterol, 
sitostero]. There is nothing out of the ordinary in the composition of the 
oil to explain its supposed medicinal pioperties. It might, however, be 
said that the oil belongs to the semi-drying ‘class and can be used for edible 
purposes and in soap making. 


Forgst RESKARCH INSTITUTE, Recervcd February 13, 1942. 
DrgRa Don. 
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A NOTE ON THE UNRELIABILITY OF THE RESORCINOL 
PERIODATE TEST FOR HYPONITRITES 


By W. V. B. Sunpara Rao and V. V. K. SASTRY. 


Corbet (Btochem. J., 1940, 34, 1sorg) refuting the criticism of 
Rao et al (J. Indian Chem. Soc., 1938, 18, 599) regarding the reliability of 
his resorcinol-periodate test (Corbet, Biochem. J., 1934, 28, 1575) for hypo- 
nitrite, reasserts without giving any details of the method employed by him 
that the test 1s useful for distinguishing between hyponitrite and nitrite. In 
view of this confused position in literature it has been felt desirable to exa- 
mine and see the reliability or otherwise of this test. " 

The test solution of hyponitrite was prepared according to the method 
suggested in Mellor’s ‘‘ Treatise of Inorganic Chemistry ’’ (r928, VIII, 
p- 405). Freshly prepared solutions of resorcinol (M/5) and sodium perio- 
date (saturated) were employed as reagents. 

In a neutral or slightiy alkaline medium a light pink colour is given not 
only by hyponitrite, hydroxylamine, borate and bicarbonate, as pointed by 
Corbet, but by nitrite and nitrate as well, down to a concentration of ten 
parts per million. Between x ranges 1-3, hydroxylamine, hyponitrite and 
nitrite give an intense cherry-réd colour, the intensity of the colour varying 
with the concentration. The concentration of nitrite should not, however, 
be more than 1,000 pip.m., While at pu4 the cherry-red colour is not 
produced till after 30 minutes, at pu 5 and 6 this colour is not formed. At 
pa 7 and § a light pink colour is formed, while in strongly alkaline solu- 
tions a yellowish green colour is produced which becomes red on acidification. 
It has been found that the buffers (Rao et al, loc. c1t.) by themselves do not 
give any colour with the reagents and the excess of sodium chloride before 
or after the addition of the reagents has no effect. Hence the buffers em- 
ployed and excess of sodium chloride present along with the hyponitrite 
have no effect on the production of the colour. Also varying the concentra- 
tion of the resorcinol or the order of the addition of the reagents or using a 
mixture of them, has no effect on the colour formation. ‘Therefore, in view 
of the similarity in production of colour, the test is unreliable and as such 
is not useful for distinguishing between hyponitrite and nitrite. 


Our thanks are due to Rao Bahadur B. Viswanath and Dr. S. V. Desai 
for their keen interest in this piece of work. . 


Puipps LABORATORY, ; 
Sou, SCIENCE AND AGRICULTURAL CHEMISTRY SECTION, Received January 19, 1942. 
TarpgriAL AGRICULTURAL RESEARCH Inst1rorTR, 
New DELHI. 


VARIATION IN THE ELECTROCHEMICAL PROPERTIES 
OF HYDROGEN CLAY SOLS WITH TEMPERATURE.* 


By B. CHATTERJEE AND A. SEN. 


In a previous note (Chatterjee and Sen, J. Indian Chem. Soc., 1941, 18, 
646) it has been observed that a hydrogen clay sol Ht shows an increase 
of its free acidity from o'96x10-°N to 2°5x 10 °N when the temperature 
is raised from 1° to 50° but gives a constant total acidity (286 x10~°N) 
at these temperatures. Results with another hydrogen clay sol Padegaon-B} 
are given in this note (Table I) which show the free acidity, the total acidity 
and the degree of dissociation all increase with a rise of temperature. 


Taare I. 


Colloid content=3°51 g. per litre. + 


Free acidity x 10°N Total acidity x 10°N. Degree of pu at inflexion. 
dissociation (% ) 
rm 35" gt 5" 50" at? 5" g0* t* 35° 50° 


Ir 50 79 200 235 252 o'5 aI 31 915 815 778 


The inflexion points become displaced to lower pu values with increasing 
temperatures. It is interesting to note that while the total acidity of the 
hydrogen clay sol H remains constant at different temperatures, that 
of Padegaon-B increases with increasing temperatures. In view of the 
differences between the two clays, these temperature variations are being 
studied further. 


PHysicaL CHEMISTY AND COLLOID RESEARCH LABORATORIES, 
UNTVERSITY COLLEGE OF SCIRNCE AND TECHNOLOGY, Received March 17, 1942 
CaLcorta. 


* This work has been carried ont under a Scheme of Research into the Properties 
of Colloid Soil Constituents financed by the Imperial Council of Agricultural Research, 
India and directed by Prof. J N Mukherjee. 

+ Sols H and Padegaon-B were prepared respectively from the entire clay fractions 
of a neutral calcareous soil from the Government Seed Farm, Kalyanpore (U. P.) collected 
from a depth of o to 6 inches and a non-lateritic calcareous soil, B-tvpe from Padegaon 
(Nira, Poona) Farm collected at a depth of o to 12 inches, 





PROPERTIES-OF DIALYSED HYDROUS’ ALUMINA HYDRO- 
SOLS. PART II. TITRATION WITH BASES AND ACIDS. 


By N.’P. Darra. 


Potentiometric titrations have been carried out with acida and bases. Buffering 
is maximum at fa 11'2 with NaOH ;at px 11‘o with Ba(OH) and at pu r0'8 with Ca(OH). 
A weak inflexion point has been observed at po 12°2 and the buffer index curve shows 
a minimum at this point The amount of alumina coming into trne solution increases 
with the concentration of alkali and complete solution occurs at the inflexion point at pr 
12°2, Titration of aluminium chloride with NaOH shows an inflexion near fu r1‘o 

- corresponding to the complete solution of precipitated alumina. The px at which this 
inflexion point occurs, however, depends on the age of the precipitate. “HICL is totally 
adsorbed at simall concentrations. A strong buffer action indicating tre solution is 
observed at pu 3°5, 3°4,3'0 and 2°8 for acetic, phosphoric, oxalic and sulphuric acids 
respectively. 

There is some difference of opinion as to whether a solution of 
aluminiuin hydroxide in alkalis is to be regarded as a case of true 
solution or of peptisation (Hildebrand, J. Amer. Chem. Soc., 1913, 85, 864; 
Blum, ibid., 1913, 88, 1499; Britton, J. Chem. Soc., 1925, 127, 2120 ; 
” Miller, Colloid Symposium Monograph, 1925, 8, 208; Mahin, Ingraham 
and Stewart, J. Amer. Chem. Soc., 1913, 38, 30; 1914, 36, 2381; Davis 
and Farnham, J. Phys. Chem., 1932, 36, 1057 ; Dhar and Chatterji, Chem. 
News, 1920, 1241, 253). In the present paper colloidal hydrous alumina and 
aluminium chloride solutions have been titrated sera with 
bases-NaOH, Ba(OH),, Ca(OH), and Mg({OH), and acids-HC!, H,SO,, 
H;P0,, H.C,0, and CH;COOH. 


ExPERIMENTAL. 


The preparation of the sols and the experimental technique used 
have been described in Part I (J. Indian Chem. Soc., 1942, 19, 159). Dupli- 
cated titrations show good agreement (Fig. 1, curves 1 and 2, 4 and 5; 
Fig. 2, curves 8, 9, roand 11). For ultrafiltration perforated porcelain 
bed and ‘cella’ finest membranes have been used. Aluminium has been 
estimated in the ultrafiltrates according to: the method of Berg (Z. anal. 
.Chem., 1927, 11, 369) by 8-oxyquinoline. A water thermostat has been 


used at 35 ct "os. : ‘8 +. 


- 
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Titration with Bases. 


The sols used in this work are the same as have been described in 
Part I. The results are given in Figs, 1—4. On the addition of a base 
the ua increases at first very sharply but thereafter its change indicates 
a strong buffer action. Sol A (Fig. 1, curves 1 and 2) shows a weak 
inflexion point at pu 6°2 which should be attributed to dissolved hydro- 
chloric acid or adsorbed aluminium chloride and the titration curve of its 


Fig. 1. 


Hydious alumina sol A—titration with bases, 


10 20 30 
fy. Core. efadded base x10%—» 





0 50 100 - 150 
Eq. conc, of added base x 105, 


_ ultrafiltrate ‘with NaOH (Fig. I, curve 6) gives a total acidity of 3 x 1o7TN, 


Strong buffering is observed near pa 11°25 with NaOH, at putz'o with 
Ba(OH), and at po10°8 with Ca(OH), (Fig. 2). With NaOH a weak 
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inflexion point and complete solution of alumina has been obtained by 
proceeding up to pa value as high as 12°5 (Fig. 3, curve 13). But no 
such inflexion point and complete solution has been observed with Ba(OH), 
ot Ca(OH)s, probably because very high px values could not be reached 
with these bases* The buffer indices for sol C are plotted in curves 8’, 10! 
and x1’ of Fig. 2. The buffer index rises slowly at first then rapidly and 
assumes infinite values indicating a very strong buffer action. In the case 
of NaOH . (Fig. 3, curve 13’) it is finally followed by a minimum indicating 
an.inflexion corresponding to the neutralisation of an acid. 


"ON 


Fic. 2. 


. Hydrous alumina sol C—titration with bases. 


1j00} - 11 5 


‘i 10 5 


1000] : 


Bx10t—> 
as 
we 








85 
50c 
Pes 
t hs * 
obs ...6'5.. ” oe B 
Ee oc) ‘o : Teo 200 300 = 350 


ep oe ; : : _Eq. conc. of, added base x Iof, ; 
; Rabinowitsch and Wassiliev (Kolloid Z., 1931, 56, 305) titrated 
aluminium hydroxide sols with KOH but the pz at the horizontal part and 
the x at the inflexion point in’ their curve are different from those of the 


194 


curves given in this paper. 
different ‘ age’ show a.difference in this px value. 
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It will be shown Jater that precipitates of the 


~ 


Solutions of aluminium chloride have also been titrated with NaOH. The’ 
FXG. 3. : 


‘ Hydrous alumina sol EB. 


100 


xy 
Bx10—> 





ro 20 30 40 
Eq. conc. of added NaOH ~« 10. 





50 


results given in Fig. 4 
show That the curves 


“* are of the same fori as 


those oblained by Britton 


(loc. cit.) and Davis and 
‘Farnham (loc.cit.)’ but 


differ from those of Hil- 
debrand (loc. cit.) and of 
Blum (loc.cit.) which 
have a weak inflexion 
point in their initial por- 
tion. Davis and Farn- 
ham (loc.cit.) ascribe 
this inflexion point to 
the free acid contained 
in the solutions used 
by them. Their opinion 
is confirmed by the 
titration curve (Fig., 4, 


‘curve 15) of an alumi- 


nium chloride solution 
to which some free acid 
has been added. On 
the addition of‘ alkali 
the po at first rises 
sharply and when par- 
ticles of alumina appear, 
the pn remains almost 
constant between 375 
and 4’o as,-long as 


alumina continues to be precipitated. This . of precipitation depends 


on the initial ps of the AICI, solution (Fig. 4, 


curves 16, 17-and 18). 


Wher all. the alumina has been precipitated, ‘the px again rises and the 
titration ‘curve: shows a sharp inflexion at du about 76. A second. inflexion 

. point * coftesponding to the solution of alumina 3s observed at $n about 10'9. 
~ Tt has beer found ‘that alumina precipitated by small additions of alkali 
inside’ the titration ‘cell when kept for.sufficient time (about 12 hours) cannot 


x 
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be easily dissolved even with larger concentration,of alkali (Fig. 4, curve 18). 
The titrations were therefore carried out by measuring the ps of a definite 
volume of the sol contained in separate Jena glass bottles to which increasing 
amounts of alkali had been added. 


Fic. 4. 


AIC), solution—titration with NaOH. 


150 


wo 


Bx10——> 
oO bu->- 





-o, "“_10 | 20 30 40 50 bo oo es 
Eq. conc. of added base x 108, 
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Aluminium has been estimated in the ultrafiltrates of sol C correspon- 
ding to different stages in its titration with bases. -Results are given in 
Table 1. . 


f 


Tabiy I. 
Sol C. (20 c.c. of sol=25'5 mg. of Al,O,). 


Sodium hydroxide. Barium hydroxide 
Conc. of alkali. pr. Amount Cone. of alkali = pa. Amount 
in 20 c.c. in 20 C.c. 
of sol. ‘ of sol. 

10 95 x 10°3N 11°35 o'65 mg. 1r'65x10-9N 11°54 o'04 mg. 
33°45 IL'97 1°65 21°71 rr°84 o'%3 
42 95 12°09 3°80 51°14 12°20 0°29 
50°04 I2°tI9 . 4°20 70°09 12°25 0°43 
55°40 ° 12 23 4°82 ‘ 


The amount of alumina coming into solution increases as the pu rises 
but more so for NaOH than for Ba(OH), compared at the same pn. 


Hildebrand (loc.cit.) and Blum (loc.cit.) titrated aluminium sols with 
alkalis and obtained an inflexion point near pu 110 at which fn they found 
that the solution was free from particles of colloidal dimensions. ‘They 
concluded that a definite compound namely NaAlO, was formed.. Britton 
(loc. cit.) also considers this inflexion point to denote the formation of 
aluminates. Mahin, Ingraham and Stewart (loc. cit.) hold that the colloidal 
properties of aluminium hydroxide play such an important part in condition- 
ing its solubility in bases that there is room for doubt whether the alleged 
aluminates exist as definite salts at ali. Dhar and Chatte:ji (loc. cit.) 
observed that the conductivity of a solution of sodium hydroxide was uot 
appreciably changed by the addition of aluminium hydroxide and concluded 
that the formation of these solutions were cases of peptisation and not of 
chemical dissolution. Davis and Farnham -(loc. cit.) do not consider the 
inflexion points in the titration curves with alkalis as decisive evidence of 
the formation of aluminates and consider peptisation by hydroxyl ions to 
be-responsible for the solution. i 

The ultrafiltrates of solutions at or beyond the inflexion point, obtained 
with or without addition of sodium and magnesium. sulphates in sufficient 
quantities were analysed and their aluminium content estimated. ‘The results 
are given in Table Ii. 


an 
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= ‘ Tasre II. 
‘Syste: Amount of 
alumina in 25 cc. 
AIC}; solution : se : sod 0045 g. 
sce es 7 0046 
Ultrafiltrate of AICI, solution (25 c.c.) +5: ¢ ¢. o'99 N/10-NaOH 0'045 


Ultrafiltrate of AlCl) solution (25 c.c )+51 c.c. of o'99 N/10o-NaOH + 2g of NagSQ, 0'045 
Ultrafiltrate of AICI; solution (25 c.c.) +60 cc of 0°99 N/10-NaOH 0°045 
Ultrafiltrate of AICI, solution (25 c.c )}+60 c.c of 0°99 N/to-NaOH-+4g. of NagSO, 0'046 
Ultrafiltrate of AlCl, solution {25 c.c.) +60 ¢ c. of 0 99 N/10-NaOH+4g¢. of MgSO, 0'045 


The ultrafiltrate revealed no particles when’ examined in the ultra- 
microscope, the alumina coming into the ultrafiltrate was invariably equal to 
the total quantity of alumina present in the aluminium chloride solution. 
The addition of Na,SO, rules out the possibility of colloidal’ particles 
passing through the ultrafilter membrane and the results prove definitely 
that true solution of alumina takes place at this inflexion point. 

As already mentioned, the first and the second inflexion points in the 
titration of solutions of aluminium chloride with NaOH correspond respec- 
tively to the precipitation and solution of alumina by the alkali. The 
amount of alkali (3°73 c.c. of o’oggN) required between these two inflexion 
points therefore has reacted with alumina (0’0184 g.) precipitated from 
ro e.c. of aluminium chloride solution used. ‘The calculated molar ratio 
of Al,O; : NaOH is 2'05. The composition of aluminate therefore appears 
to be Al,O;.2NaOH or NaAIO, neglecting the difference, which is within 
the experimental error, of the value 2 from the experimental value 2'o5. 


Titration with Acids. 


With Hydrochloric Acid.—Hydrous alumina sols A and C have 
been titrated with hydrochloric acid and the fx , specific conductivity and 
chloride ion activity measured. ‘The results for sol A are given in curves 
Ig and 20 (Fig. 5) and those for sol C in curves 29, 29a, 30 and 31 (Fig. 7). 
Titrations of HCl solutions having nearly the same fa as that of sol have 
also been carried out for comparison. ‘The results are given in curve 28 of 
Fig. 7. It will be found that the pa (Fig. 5, curve 19 ; Fig. 7, curves 29, 
30, 31), specific conductivity (Fig. 5, curve 20) and chloride ion activity 
(Fig. 7, curve 2ga) of sols remain unchanged in the initial stage of the titra- 
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tion indicating that both hydrogen and. chloride ions completely disappear 
by reaction with the surface of the colloid particles and no increase in the 
concentration of free ions takes piace, On larger additions, the pn decreases 
aud the specific conductivity and the chloride ion activity increase. Table III 
gives the amount of HCl thus adsorbed in the initial stages of the titration 
during which the curves remain more or less flat. 


Fic. 5. 


Hydrous alumina sol A, 


5°5] 50 





5°0} 
Lo 
$ 
4'5| 4 5 
x 
2 
SQ 
3 
? 
9S 
a 
3°5 45 
& if 
ie 
a 
3 ‘ 
2°5( 35 
0 I : 2 3 
Eq. conc, of added HC1 x 108, 
Tasie IIT. 
Sol Alumina content. Curve No, Number of moles (mean of 
HCI adsorbed per g mol. 
alumina). 
A 1 37 xIo7? g. moles/litre 19 (pot.) _ Ofr27 x 107? 
20 (cond.,) 0127 
C 1'25*x 107? g. moles/litre 29 (pot.) : _ 0°40 
: 30 (pot.) 0°32 


3x (pot. : 0°32 
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The amount of HCI] thus taken up amounts to only a very small 
percentage of the alumina present, but differs considerably for the two sols 
which is to be expected if it resulted from a surface reaction. The 
reaction of the sol with HCl may be looked upon as the adsorption of both 
H* and Cl™ ions in the double layer. This aspect has been discussed in 
Part I, According to this view aluminium hydroxide particles contain 
both the cation Al*'* and the anion AlO 3 on their surface as the primarily 
adsorbed ions. The two kinds are in equilibrium, their relative proportions 


Fic. 6. 


Hydious alumina sol A—titration with acids. 


a 





i SS ai21)_ clscoo 
& wy 22) © 
= \ - By —~laPo4 


YR WPS, 


ao 


o 10 20 30 40 50 60 
Eq. conc. of added acid x 104. 


depending on the pu of the system. With each addition of HCl, a new 
equilibrium between them is set up and further, some of the CI” ions and 
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of the excess of H* ions are electrically adsorbed respectively on the Alt**, 
and AlOg ions on ‘the surface. The adsorbed Cl~ ions also displace some 
of the OH™ ions into the solution which again neutralise the remaining 
H* ions. It appears that in the initial stages of the titration, the added H* 
and CI” ions disappear from the solution in this manner. The result is 


Fic. 7. 


Hydrous alumina sol C—titration with FC) 








° 40 & 120 160 200 240 280 
Eq. conc. of added HCI x 105, 


interesting in connection with the study of the toxic effect of aluminium 
ions in acid soils It shows that aluminium hydroxide in the coiloidal 
state can react with H* ions at a px as high as 6°2. At higher concentra- 
tions a gradual dissolution of the particles sets in. A strong buffering is 
indicated near about pn 3°5 (sol C, Fig. 7, curves 29, 30, 31). Aluminium 
chloride solutions with NaOH (Fig. 4, curves 16, 17, 18) also show a similar 
buffer action at almost the same pu region (3°5~—4°0) caused by the precipi- 
tion of the hydroxide. Dilute HCl having almost the same fn as that of 
the sol also shows a strong buffering (Fig. 7. curve 28) but this is ata lower 
bu (3°0). Silicic acid sol, when titrated with HCl, shows a buffering be- 
tween pa 2'5 and 3 0 (B. Chatterjee, Proc. Indian. Sci. Cong. Assoc., 1942, 
III). Pauli and Schmidt (Z. physikal. Chem., 1927, 129, 199) also found 
that alumina sol takes up HCl at first rapidly then slowly up to about 18%, 
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of the alumina present. They regardéd@the remaining 82% as the ‘neutral 
colloid’ which is inert. But from what has béen said above, the adsorption 
of HCl by alumina appears to be a reaction on the surface and nota 
chemical one with a fraction of the colloid particles. 

With Acetic, Oxalic, Sulphuric and Phosphoric Acids —Sols A, B 
and-C have been titrated with solutions of the above acids. ‘The resilts 
are expressed for sol A in Fig. 6 ; curve 21 for acetic acid ; curves 24, 25 for 
oxalic acid ; curves 26, 27 for sulphuric acid ; curves 22, 23 for phosphoric 
acid; and for sol C in Fig. 8, curves 32, 33, 34 for oxalic acid ; curves 35, 36 
for phosphoric acid ; curve 37, for sulphuric acid and curve 38 for acetic 
acid. It will be found that the x decreases at first rapidly, then slowly and 
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Hydrous alumina sol C—titration with aclds 
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Eq. conc. of added acid x 105, 


ultimately reaches almost a- constant value indicating strong buffer action, 
‘Buffering occurs at about px 35 for acetic acid ; at about px 3°4 for phosphoric 
acid ; at about px 30 for oxalic acid and at about fx 2°8 for sulphuric acid. 
. {Measurements of the chloride ion activity of the sol (Fig. 8, curves 32a, 36a, 


1 
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37a, 38a) show that all of these acids excepting acetic acid displace CI™ ions 
into solution. The order of the acids in the displacement of chloride ions 
from the micelles by their anions is acetic < phosphoric < oxalic < 
sulphuric. On the addition of the acids, the anions get adsorbed and 
displace both Cl” and OH™ ions into solution but the H* ions in solution 
outnumber the displaced OH™~ ions and hence the pn decreases and the 
chloride ion activity increases It also shows that the acetate ions at iow 
concentrations are not able to displace chloride ions into solution to a large 
extent but at large concentration, as is to be expected, some Cl~ ions are 
displaced. At larger concentrations gradual dissolution of the particles sets 
in and the puremains almost constant. 


CONCLUSION. 


Potentiometric titration of the sols A, C and D with NaOH, 
Ba(OH),, Ca(OH), and Mg(OH), have been done. With the exception 
of a weak inflexion point at a lower pu (6°25) in the case of the titration 
curves for sol A due to the free acid contained in it, all the titration curves 
show the same general features. The fn rises sharply, at first to about 
ro’5 and then remains almost constant indicating a strong buffer action. 
Buffering is maximum at po r1°2 with NaOH, at ps 1t'o with Ba(OH), 
and at px r0°8 with Ca(OH).. 


A weak inflexion point has been observed at pn 12'2 and the buffer 
. index curve shows a minimum at this point. 


The amount of alumina coming into solution increases with the 
concentration of alkali and solution occurs at the inflexion point at pu 12°2. 


Titration of aluminium chloride with NaOH shows two inflexion 
points—one at px 7°6 and the other at px 10°9—corresponding respectively 
to the precipitation and solution of alumina by the alkali. The fn of 
precipitation of alumina depends on the initial pu of the AIC], solution. 


The solution of alumina in alkalis has been shown by the estimation 
of alumina in the ultrafiltrates from the solutions at the second inflexion 
point and after with or without addition of Na,SO,, and MgSO, to be a case 
of true one and not of peptisation as has been supposed by some. 

The ratio of Al,O;: NaOH has been found to be 205 and hence 
the composition of sodium aluminate is NaAiO,. 

HC! at small concentrations is totally adsorbed but this corresponds 
to only a very small fraction of the alumina present and appeats to be a 
reaction on the surface. 
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A strong buffer action is observed at px 3°5, 3°4, 3.0 and 2°8 with 
acetic, phosphoric, oxalic and sulphuric acids. ‘The acids displace Cl” ions 
into solution and the order of them in the displacement of chloride ions by 
their anions is acetic < phosphoric < oxalic < sulphuric. 
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EFFECT OF LIGHT AND AGEING ON COLLOIDAL 
SOLUTIONS OF FERRIC HYDROXIDE AND , 
THORIUM HYDROXIDE. 


By R. B. Naiarpatty, P. M. Barve anp B. N. Desa. 


Cataphoretic speed, conductivity and stability of colloidal solutions of ferric 
hydroxide and thorium hydroxide containing different amounts of rmptrities as broughe 
about by dialysis are found to decrease slowly on exposure to sunlight and on ageing, 


In previous papers (Desai and Barve, Trans. Nat. Inst. Sci. India, 
1939, 2, 39, Wora, Barve and Desai, P1oc. Indian Acad. Sct., 1941, 18, 100; 
J. Bombay Univ., 1941, 10. rit, 40) results of light and ageing on cataphore- 
tic speed, conductivity and stability of colloidal solutions of arsenious 
sulphide, Prussian blue, gold, vanadium pentoxide, zinc ferrocyanide and 
ceric hydroxide containing varying amounts of impurities, as brought about 
by dialysis, have been given. In the present paper similar results obtained 
with colloidal solutions of ferric hydroxide and thorium hydroxide, whdse 
other properties have already been exhaustively studied in this laboratory, 
have been presented. 


Colloidal solutions of ferric hydroxide (Desai and Borkar, Trans. 
Faraday Soc., 1933, 29, 1269) and thorium hydroxide (Desai and Desai, 
Tians. Fasaday Soc., 1934, 80, 265) were prepared as before and the various 
experiments performed in the same manner asin the case of colloidal zinc 
ferrocyanide (Vora, Barve and Desai, loc. cit.) All the experiments 
were carried out at a temperature of 30°. For both the colloidal solutions 
two samples have been tried (one dialysed for a short period and the other 
for a long period i.e., before and after the maximum in the cataphoretic 
speed-dialysis curve is reached, Desai and Barve, loc. cit.) in order to 
note if the amount of impurity in the sol has any effect on the action of light 
or ageing. 


The results are given in TablesI toIV. In all the tables the cataphore- 
tic speed (cat. speed) (mean of direct and reverse movements) is corrected 
for viscosity and expressed in cm. sec./volt/em. The stability results 
(flocculation values—F.V.) are expressed in millimoles of the electrolyte per 
litre of the mixture (colloid + electrolyte + water). 


. 
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Exposure. 


o hr. 


Exposure Cat speed 


o br. 


Age, 
o days 


31 
61 


Age. 
o days 


31 
61. 


' Sol dialysed for 4 days 


Tasty I. *.- - , - 


Colloidal ferric hydroxide exposed to sunlight. 


Sol dialysed for 20 days. 


Cat. speed., Sp. condy BY with Cat speed. Sp condy. ee 

375x105 5363 x 1078 510 §1'8x 107% 1436 x 107° I°4o 

347 5318 5700 49°6 1396 x 36 

32'4 5270 4 86 476 , 1361 1°31 

30 8 5ai7 4°68 458 1333 125 
Tasie II. 


Colloidal thorium hydroxide exposed to sunlight.” ~ 
Sol dialysed for 4 days Sol dialysed for'20 davs. 


Sp. condy. ae Cat speed Sp. condy. ae 
36 8xI07* 5047 x 107° 4°70 35°4x1I07* 824x107° 1°80 
33°7 5025 AS2  - 32°3 789 172 
31°8 5orz 4°38 30 3 759 1 67 
29°9 4982 4°15 28 8 726 1°58 
Taaiy IIT. 


Colloidal fetitc hydroxide-effect of ageing 
~ 


Sol dialysed for 12 days. Sol dialysed for 20 days. 


Cat speed Sp. condy PY with Cat speed. Sp. condy. PY With 
67 2xI0°° q734 x roe 3 31 518xx07% 31436 107% 1°40 
66°5 3692 3°25 514 1412 1°34 
65 4 3648 3 21 5I°r 1369 131 
Tasie IV. 
Colloidal thorium hydroxtde-effect of ageing. 

Sol dialysed for 12 days ’ Sol dialysed for 20 days. 

Cat. speed Sp. condy ee Cat. speed. Sp. condy. © San 
4493x1075 2317x 107° 3°20 35°4x 107° 8241079 "1 80 
43°5 2258 335 34 794 1°77 
421 4177 3 11 33 4 767 1'972 
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DISCUSSION. 


> 


Exposure to Sunlight.—It will appear from the results in Tables 
I and IJ that in both cases the cataphoretic speed, conductivity and stability 
decrease slowly on exposure to sunlight for short period as well as long- 
period dialysed colloidal solutions. ‘These results are similar to those 
obtained with colloidal solutions of vanadium pentoxide and can be explained 
in the same manner (Desai and Barve, loc. cit.). 

Effect of Ageing.—As in the case of exposure to sunlight, the 
cataphoric speed, conductivity and stability decrease continuously on ageing 
(Tables III and IV) of both the short-period and long-period dialysed 
colloidal solutions of ferric hydroxide and thorium hydroxide. ‘The results 
can be explained in the same manner as those obtained for vanadium 
pentoxide (Desai and Barve, loc. cit.). 
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PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART IV. 
THE RELATIONSHIP BETWEEN SOLVENT POWER, GELA- 
TION CAPACITY. AND VISCOSITY OF SHELLAC SOLU. 

"TIONS IN MIXED SOLVENTS. 


By Santry Ranjan Pari. 


Oh ek So og : : seh ‘ oa 

Viscosities’of shella¢ solutions in a mixtare of two non-solvents having .good solvent 
power, or of one solvent and another, latent solyent have been-studied over a wide 
range of concentration and temperature. .The pairs. of solvents used are acetone- “glycol, 
methyl acetate-glycol and alcohol-acetone. ; 

’ Three types of viscosity curvés are possible’ The ‘position of the minimum in the 
viscosity! curve depends on ‘the temperaturé and on the concentration of the solute and 
may vanish above a:particulartemperature or below a- particular concentration. Hence 
the idea of minimum viscosity signifying maximum solvent power is proved to be 
fallacious ‘This is further substantiated by observation of solvent power by the method 
of precipitation or gelation on cooling The correlationship of the viscosity behaviour 
with gelation capacity of such systems has béen discussed with reference to three- 
component solubility diagram of such systems , 

Indications have been made of a new and rational method of evaluating the solvent 
power of different solvents for lyophilic solutes. 


It has bash shown by the author in a preyions communication 
(J. Indian Chem. Soc., 1940, 17, 663) from a study of shellac solutions in 
a mixture of acetone and water that when a mixture of two non-solvents 
forms ‘a good solvent, a minimuin in the viscosity-solvent composition 
curves (to be referred to later as simpiy viscosity cwrve) does not occur 
as a general rule but only under some specified circumstances. The com- 
position corresponding to the viscosity minimum, which according to the 
current idea (vide Mellan's ‘‘ Industrial Solvents ’’, 1939, Ch. V, p. 64), 
represents an optimum solvent composition, has been demonstrated to 
depend considerably on the concentration of the resin and in fact, the 
minimum has been found to totally disappear below some particular con- 
centration of the resin. In the present paper, the study has been extended 
to other solvent mixtutes to acquire a more extensive knowledge about such 
behaviour. From a simultaneous study of solubility, viscosity and gel- 
forming capacity of such systems, important conclusions about the 
occurrence or non-occurrence of the U-shape of the viscosity curves have 
been arrived at, and a more thorough understanding and correlation of the 
solubility behaviour and viscosity of such systems have been secured, which 
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corroborate the previous results and extend them in some important and 
fundamental aspects. 


EXPRHRIMENTAL. . 


The experimental arrangement, procedure, method of expressing 
concentration, etc., are the same as described in the previous communication 
Particular mention should’ be made of the suitability of Hoeppler falling 
ball viscosimeter for use with ‘such volatile sol\ents as acetone, etc over 
a wide range of temperature even in conjunction with .substances like 
shellac, nitrocellulose etc. which produce sticky solutions. The ethylene- 
glycol used is of British Drug House manufacture (ordinary quality) which 
has been fractionally distilled for purification (r91-192° at about 70 cin. 
atmospheric pressure). Kahlbaum’s C P. quality acetone and Merck’s ‘ 
absolute alcohol have been directly used. Methyl acetate (Kahlhaum’s 
ordinary quality) has been dried and fractionally distilled before use. 


‘ 
Ag . 
tue 


‘ : Taney I. eg 
Viscosity (centipuise) at : . Viscosity (centipoise) at 
Solvent 15° 20°. 25°. 30° Solvent 15” 20° 25° 30° 
(by wt.) (by wt ) 6 

Glycol ‘acetone. Glycol :acetane; : 
Cone. of shellac=25%. : Conc. of shellac=35%. 

'7°5192°5 Pptn Pptn. 3°379  2°662.7'5192°5 "25°77 «13°51 9067 
10 *90 5/512 4'237 3°417 2°847 10 190 21°02 13°20 9'427 
35:85 9 5°817, 4613, 3763, 3 184 -1°5 *87'5 _1968, 13°32 9687 
20 ‘80 6°362 57153 4/291 3°654 15 785 - 19°48 : 13°85 10 30 
30 370 8 935 7°408 6°102 5110 20 :80 20 73 15 36 1 69 
40:60 §613 33 ; 10°95 g 11t yéot 30°79 27°45 20 88 16 20° 


40:60 . 38°68 29°52 22°82 


Conc. of shellac=40%. + -- Cone. of shellac= 45% 

. sie r16°2 65°05 33°00 20°66 * 7°5:92'5 Gel Gel © 224°3 69°47 
15:85 8835 5009-3109 ar'gr 10:90 2995'0 1493 64°71 
20:80 8r'09 50°63, 34.45 24°48 «125:87°5 389°9 120 oO 61 69 
30:70 89°10 = 65 2647 4 3326 8 =6.15.:85 3632 ©» 289'2 11476 61°48. 
40:60 136°2 8g 86 65 02 4775 20:80 487°6 209'9 112°3 67°85 

30 370 344°2 208°6 129°6 86"x0 
40 ‘60 398°2 2590 168°8  116'6 


\ 
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Shellac in Glycol- Acetone Mixture. 


“The “Sal ent ‘ised is firstly a mixture of glycol and acetone, both of 
which individually ate nou-solvents for shellac but the mixture is au excellent 
solvent from, about §:95.gly.col-acetone to a composition of about 90:10. The 
study of this system has particular advantage over the acetone-water system 
already studied in that, here a wide range of solvent compositions (5 to 90% 
glycol) is available for study as against 5 to 25% water in the previous case ; 
hence, a more detailed. nature of the viscosity curves is expected to be 
manifest by a study*bt this case. -Viscosities have been detérthmed for 25, 
35, 49 and 45%shellac in mixtures containing various proportions of glycol 
and .acetoue at 15°, 20°, 25° and 30°. ‘The results are summarised in 
Table I and graphically represented in Figs. 1, 2 and 3. 


Fic. 1. 






. 


Ghyeol-Asatone Mixture 
at 1d} a0, RS"8 O'S 







° 





Viscosity curves for shellac in glycol-acetone mixture. (Inset, curves for puie 
solvent mixture). 
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The viscosity curves for 45% shellac (Fig. 3) all show sharp 
minima, the position of the minima varying somewhat with temperature. 
Thus the minimum at 15° is at 27 glycol: 73 acetone, at 20° is at 23 
glycol: 77 acetone, at 25° is at 18 glycol: 82 acetone and ‘at 30° at 14 
glycol: 86 acetone, showing a gradual drift of the minimum’ viscosity 
towards higher concentration of glycol with lower temperature. ‘This is” 
guite d general,frend as can also be observed from the positions of the 


. 
gency ey ‘es: oof 
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sy Shellac 


AViscomty(cr)_ 2 ) 
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TOglyco} 
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Node ie Nos A 
Viscosity. curves for shéllac in gly col-acetone mixture. 
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minima for the set of \curves ‘for * 40% and 35% ‘shellac (Fig. 2). 
It is further to be noted that the curves are particularly steep towards the 
acetone side, the steepriess rapidly*:decreasing with rise of temperature. 
In fact, for 40% and 35%. shellac concentrations, the steepness by 
the pure acetone side flattens so much with rise of temperatute, that the 
minimum vanishes at 30° giving rise to continuously rising curve. ‘The 
set of curves at 25% shellac concentration . (Fig. 1), however, shows 
no minimum at any of these temperatures but smoothly rises with glycol 
conceutration just like a pure acetone-glycoi mixture, It may be further 
observed that at the same temperature with “increasing ‘concentrations of 
shellac, the viscosity minimum changes towards a higher concentration 
of the hydroxylic solvent (glycol). For example, at 20° the viscosity 
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tlinima are at 17, 19 and 22% of glycol for 35, 40 and 45% concentta- 
tions of shellac respectively. The fact that the position of the 
minimum changes with concentration of the soiute and vanishes below 
some particular concentration of the solute has been first observed in the 
previous paper, ‘but that it changes appieciably with temperature and may 
vanish beyond a definite temperature at a particular concentration of shellac 
is now Well established from the data presented herein, 


. FIG 3. 
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Viscosity (c (For curve C&D only)——> 


Viscosity curves for 45% shellac in glycol-acetone mixtuie 
(curves A, B, C & TD); (Inset, gelation curve). 


In the previous paper it has been suggested that such viscosity minima 
exist only above the minimum gelation concentration, i.e., such lowest . 
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concentration of shellac solution as forms gel on cooling instead of scparat- 
iug out in flakes. In an attempt to determine the minimujn gelation 
concentration for’ such systems, it las beeri observed that this depe1ids 
greatly on the composition of the solvent (ic. proportion of glycol to 
acetone). A determination of the whole gelation curve is therefore indi¢ated’ 
to be ecessary to arrive at an understanding of the viscosity curves. ‘THe 
complete solubility and gelation data have therefore been determined at 
25° and are graphically represented in Fig. aa. For the experimental 
inethod of obtaining solubility and gelation data for such diagram, a later 
paper of this series is referred to where an extensive study of such data. 
has been nade, which has led to some important and interesting conclusions 
about the solvent-solute relationship for resins. In the graph (Fig. 4a), 


4 


Fic. 4. 





\ 
A Solubility avd gelation curves of B. Constant viscosity diagram of 
shellac iu glycol-acetone mixture resins in mixed solvents 


the crossed portions indicate non-homogencity whereas the hghtly shaded 
portions {paralle: broken lines) are homogeneous transparent gels and the 
blank portions signify clear solutions. 

Referring to our viscosity studies at constant shellac concentration for 
different conipositions of the solvent mixtwe, this corresponds on the 
triangular diagram to the viscosity change along a line parallel to the side 

- opposite to the shellac corner. It may be ohserved that the gelation cu1ve 
1s reached earlier at the acetone-rich end than at the glycol-rich end ; for 
exainple, the first appearance of gelation occurs at about 34% shellac 
at the acetone-rich end (X) and at about “43% shellac at the glycol- 
rich end (Y). Hence, proceeding along a line, such as P;Q; (40% 
shellac), the viscosity will naturally decrease sharply as the proportion of 
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glycol increases, since we are thereby passing froma typical gel to a free- 
flowing solution and then it will slowly increase with increase of concentra- 
tion of the more viscous component, glycol as usual. This well explains 
the initial steep faJl of the observed curves, and the subsequent comparatively 
slow rise. As the concentration of shellac further increases, the line P,Q; 
approaches the gelation line at the glycol-rich end also and ultimately 
meets it at about 43% shellac. Hence, at 45% shellac ‘concentration, 
-both sides of the curve are observed to: be very steep producing a 
typical U, the acetone-rich arm .of. which being steeper duc to its 
much stronger gelation capacity. At 35% shellac concentration, the 
minimum is seen to exist at 25°, but the curve is rather flat. The explana- 
tion for this is that the line P,Q. for 35% shellac just fails to "pass 
through the elation range, hence the initial high value is due to incipient 
gelation which evidently cannot produce a steepness in viscosity curve equal 
to that’ of actual gelation. ‘Iti is thus evident why with decrease i in concen- 
tration of shellac, the minimum: shifts towards lower concentration of glycol 
and at about 35% shellac, the minimum is practically adjacent to the insolu- 
bility region. On further lowering of shellac concentration, the minimum 
merges into the ingoliible region and henée the actual curves show ‘no 
minima. This really -happens for 25% and less of shellac, where the 
experimental curves are smooth continuously rising ones (Fig. x). ; 

The fact that at constant tempcrature with increase of shellac concen- 
tration, the minimum in the viscosity curve drifts towards higher ¢ concen- 
tration of glycol, is thus ascribed toa lack of symmetry of the course of 
the gelation curve.” “It may hence be safely inferred that the drift of the 
the minimum viscosity towards higher glycol concentration will certainly 
continue with increase in concentration of shellac and will’ ultimately 
approach ‘and, in the limiting case, coincide with a composition coirespond- 
ing to thé point, Z, where the gelation curve XZY -just touches a uaralicl 
line to AC (Fig 4p). 


’ The already mentioned effect of femperatures on the viscosity minimum 
can also be explained from the three- “component diagram. With increase 
‘of temperature the gélation curve naturally recedes towards higher con- 
centration of shellac but the point X has been experimentally observed to 
recede along AX at a more rapid rate than Y along CY, ‘i.e. generally 
speaking - the _ gelation temperature changes more rapidly with concentra- 
tion of shellac, as the solvent mixture gets richer in the hydroxylic 
component. The approximate gelation line at 30° has also been shown 
in Fig. 44 as a broken line, somewhat parallel to XZY; of course, the 
position of the line AX and CY will change to some extent but this has 
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not been shown in the figure. Hence, with rise of temperature any ‘line, 
PQ, will tend to cut less gelation area in the avetone rich side than at the 
glycol-rich side as a result of which the minimum will tend to get shifted 
towards a lower concentration of glycol by such rise of temperature. 
The shift of minimum towards lower concentration of glycol at higher 
temperature may be ‘so great as to displace it in the insolubility region. 
The experimental curves will then have no minima and this really happens 
at 30° for 35% and 40% shellac concentrations where the corresponding 
curves may be seen to have no minima (Fig. 2). 


A very striking fact about the eflect of temperature on the viscosity 
of such lyophilic solutions should be pointed out. Frotn even a casual 
examination of the graphs, it is apparent that the temperature coefficient 
of viscosity is higher at the two extiemes than at near about the minimum 
viscosity compositions. In other words, for equal lowering of temperature, 
the viscosity increases much less at near about the minimum viscosity than 
at other points. There is, however, no definite composition at which the 
temperature coefficient ‘of viscosity is least, since this depends to some 
extent on the temperature as well as on the concentration of the resin, 

It is thus clear that the viscosity behaviour of such sysleir.s is deter- 
mined by their Solubility and gelation capacity and the once _ widely upheld 
idea of an optimum composition’ of © solvent mixttite producing solution 
of © lowest viscosity is proved to be inadequate. In a restricted Sense, 
however, the solvent composition corresponding to the point Z, the apex 
of the gelation curve, may be termed as an optimum soivert ‘mixture, 
It is to be noted in this connection’ that though the minimum in the 
viscosiiy curves in the temperature and concentration studied generally 
lie w ithin the limits, 10 glycol: 90 acetone to 30 glycol: 70 acetone, the 
gelation curve (Fig. 3, inset) shows no minimum in this range but its 
‘minimum lies at about 64 glycol: 36 acetone—a solvent composition 
approximately equal to that of the point Z. This trend of the minimum 
in the gelation curves to be richer in the more polar component has’ already 
been observed in our previous woik with acetone-water, but for reasons 
already stated, the difference is not so prominently perceptible there as 
to merit a confident mention. This is, however, of real moment, and 
shows the importance of the point Z, as containing the optimum solvent 
composition at the corresponding temperature This fact is also true for 
shellac-glycol methyl acetate and shellac-acctone-aicohol systems and other 
systems to be referred to later where the viscosity minima always lie widé 
apart from the gelation minimum and ata much lower propertion of the 
hydroxylic component. 
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- Shellac in Glycol-Methyl Acetate Mixture. 


A mixture of glycol and methyl acetate both of which are individually 
non-solvents for shellac, has also been studied with reference to the above 
behaviour. The mixture has good solvent power for shellac from a composi- 
tion of about 30,to 80% glycol. Viscosity studies have been made with xo, 
20, 30, 35, 45 and 50% of shellac solutions in different compositions of this 
solyent mixture at 30°, 25° and 20°, and afew also at 15°. ‘The results 
are given in Table II and are graphically represented in Figs. 5, 6 and 7: 


ae : | ji 
tee tas - Tasry IT. 
Solvent ‘ Viscosity ‘centipoise’ at Solvent , Viscosity (centipoise) at : 
by wt.) beer 2 ‘(by wt.) J ' 
Glycol’ \ "|. Glycol: 
methyl] *  . | methyl 3 
acetate. 15° 20°, 25°. 30° acetate. 15°. 20°. 25°. 30°. 
eae of shellac=10%. Conc. of shellac =20%. 
30: 70 9°87 239 2'I0 | 30:70 10°98 848 6 876 
40: 60 4°17 3°54 3°07 40:60 13°55 11°08 9'226 
‘ 60° 50 6'00 > «506 4°36 50 +50 19 99 16°25 13°35 
60: 40 " ” 8°65 735 6°28 60 : 40 29 49 23°64 19°25 
72% 30 13°35: 10°77 9°38 70:30 44°27 35°50 -28°33 
80 “\20 IQ'I4 15 65 12°99 - 80:20 72°97 56°41 43°90 
4 Conc. of shellac=30%. Conc. of shellac=35%. 
50: 504 100°2 74°82 57°19 30:70 136'2 go°86 64°45 
60: 40 \ 133°3 - 99°86 75°09 40 : 60 190°L 1a7°8  8g'78 
. 68: 35 . 1599 1180 = (8884 50 350 251'°6 171°6 rar'6 
70: 30 : 210 8 152°9 II2°9 60 : 40 353°0 246°7 177'9 
75: 2b : 2781 = 19621430 65 2 35 4747 38777 = 2ag'2 
80:20 * 365°5 259°5 1868 70 230 606° 416°9 288°7 
: 80 = 20 974°7, 9513 447°2 
: Cone of shellac=45%. Cone. of shellac= 50%. 


30:70 12760 633°9 365'9 227°0 go :70 81300 ©4439 1538 714'8 
40°60 9865” G06 = 3796 = 2515 = fo. 60 5323 -2°382 1234 © 697'7 
50:50 106370 676% 4445 3093 50:50 5256 2787 1855 915°2 
60:40 150570 966'2 6348 4251 60:40 6785 3776 2185 1313 

70:30 2330°0- 147707 968'5- ~- 640'0 80:20 16980 9313 5520 3232 

80°20 39670 24600 156970 1028°0 
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All the curves up to 35% shellac concentration (Fig. 5 and 6) 
show a continuous rise of viscosity with increase in the proportion of the 
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Viscosity curves for shellac in glycol-acetone mixture 
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Viscosity curves for shellac in glycol-methy! acetate mixtpre, 
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more viscous component, glycol, just like pure glycol-methyl acetate 
mixture. ‘The first appearance of minimum in the viscosity curve occurs 
at 45% shellac concentration at 20°, rather distinctly at 15° (Fig. 6). 
At 50% shellac *concentration, the minima are all very well-marked 
(Fig. 7). ‘The relative change of position of the minima with variation of 
temperature and concentration of shellac is similar to that noticed in the 
previous case of glycol-acetone and is likewise very distinctly observable here. 
There are also other points of resemblance which we omit to refer to as a side 
comparison of the different graphs easily brings them to light. 


Fue. 7. 
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Viscosity curve for shellac (50% conc.) in glycol-methyl 
acetate mixture (Inset-gelation curves for 45 and 50% 
shellac conc.) 
It is further to be noted that though the viscosity minima lie at 
about 40 to 50% glycol, the gelation curves show minima at 66% 
glycol, which, however, lie at about the same value for 45 and 50% 
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concentrations of shellac. The precipitation curves for lower concentrations 
of shellac (experimentally determined for 1o*and 20% shellac) also 
tend to show minima at about the same solvent composition, ‘but the curves 
are not so smooth since the phase which separates at the precipitation 
temperature is in some cases liquid and in some cases solvated solid. 


Fic. 8. 
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Viscosity curve for shellac (35% conc.) in acetone-alcohol mixture 
(Inset for'20%-conc. of shellac). Dotted curve reptesents gela- 
tion curve for 55% shellac conc.). 


Shellac 1n Alcohol-Acetone Mixture. 


These general considerations appear to be applicable even with a solvent- 
latent solvent mixture, and mixtures of alcohol and acetone have been 
studied to test this point. Measurements of viscosity have been made at 
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25 and 35% shellac concentrations in various compositions of the solvent 
mixture at 15°, 20°, 25° and 30°. The results are presented in Table 
III and graphically represented in Fig. 8. 


Tasiy III. 
Viscosity (centipoise) at Viscosity (centipoise) at 
Sovent Solvent 
(by wt }. (by wt ). 
Alcohol: Alcohol: 
acetone 5° 20° 25° = 30°. acetone 15°. 20°. 25° 30°. 
Conc of shellac= 20% Conc. of shellac=35%. 
. 10° go 2023 1°765 1°54 1353 5395 Gel Gel 17°75 9'978 
20° 80 2°024 1°799 1°603 1°443. 0: 90 43°11 19°6r 12°34 8°85x 
40: 60 2°427 2°I54 1928 1'722 20° 80 1741 13'20 1019 8°050 
60: 40 3°206 2°823 2496 2°245 60:40 18 98 15°58 12 86 10°66 
80: 20 a6°Or 21 31 17°34 14 28 
100.0 38 40 31°10 25 24 2050 


The gelation or precipitation temperature could not be measured at these 
shellac concentrations as some of them are inconveniently low (below 
60°) and hence the gelation temperatures at 55% shellac concentrations 
have been plotted as dotted curve in the figure. All the features of the 
foregoing curves with respect to the effect of temperature and concentia- 
tion are also manifest here. Thus the curves for 35% shellac all 
show minima at between 20 and 32% alcohol. The curves at 25° 
and 30° at 20% concentration of shellac show no minima but aré 
continuously rising ones like that of the pure solvent mixture, whereas the 
curves for lower temperatures (15° and 20°) tend to show minima at very 
low concentrations (about 15%) of alcohol. The fact that viscosity 
minimum drifts towards a lower concentration of the hydroxylic solvent with 
rising temperature tending to vanish above a certain temperature, is thus 
too apparent. It may be further pointed out as a basic cause of the viscosity 
minimum lying in the acetone-rich end, that here also the gelation curve is 
unsymmetrical, gelation being more favoured at the acetone-rich end than 
at the'alcoholic end. ‘The complete curve has been experimentally deter- 
mined and will appear at the more appropriate place in a later paper dealing 
with solvent-solute relationship in resins. 

As already pointed out in the previous cases, the viscosity minimum 
is also here widely separated from the gelation minimum, which is at 
about 80% alcohol. Since this composition, which gives the minimum 
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gelation temperature, approximates to that of the point Z ‘in the threé 
component diagram), we shall henceforth term this composition as the 
optimum solvent mixture, as the composition of the point Z is not so 
accurately determinable. This gelation minimum is adopted as the optimum 
composition instead of the. point Z, which is the true optimum solvent 
composition for experimental convenience only ; nevertheless, the point Z, 
is of fundamental significance. Hence, the true optimum solvent composition 
may be given the following formal definition. The optimum solvent com- 
position is that mixture which requires the highest concentration of the 
lyophilic solute at any given temperature to just produce gelation. 


One pertinent fact about this optimum composition may now be men- 
tioned. For a mixture containing a good solvent (alcohol) and a semi-solvent 
(acetone), the optimum composition contains a preponderance of the former. 
If this is assumed as a basic truth, the determination of optimum composition 
by this method gives us a rational method of assessing the solvent power for 
lyophilic solutes, for then we have simply to determine the optimum composi- 
tion for a mixture of two solvents by this procedure. That quite reasonable 
values are obtainable by such methods is evident from the calculated values of 
solvent power for the following solvents for shellac (vide Table 1V). The 
second column gives the observed optimum solvent compositions for pairs of 
solvents, and the fourth column contains calculated values of solvent power 
for the individual solvents assuming that the optimum solvent composition 
denotes the ratio of the solvent power of the component solvents. The 
physical significance of solvent power for non-solvents lies perhaps, in its 
power of solvation of the lyophilic units present in solution. The proper 
test, however, of such a method is its ability to yield the same value of the 

-~golvent power ratio of two latent solvents by comparison with two different 
third solvents. 


Tasie IV. 
Optimum 
Solvent mixture. solvent Solvents. Solvent power. 
comp (Alcohol = 100). 
Water : acetone 14: 86 Alcohol I00 
Glycol : acetone 64: 36 Glycol 44 
Glycol : methyl acetate 7O 3 30 Acetone a5 
Alcohol : acetone 80 : 20 Methyl acetate 1g 


’ Water 4 
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D1IscUSSION. 


Perhaps, the optimum solvent compositions with different solvent 
mixtures may fyrnish some important indications of the structure of the 
shellac molecule but due to the unsatisfactory state of our knowledge of 
molecular adsorption forces and polarity, no definite information is available. 
The idea of an optimum polarity is of no helps calculations of dipole 
moments of these mixtures on the assumption of additivity of dipole 
moments do not yield even nearly uniform values. : 

It is of great interest and usefulness to draw lines of equal viscosity 
on such three-component diagrams. Instead of constructing it for any 
particular case, the general courses of such lines in a typical case have been 
indicated in the figure (Fig. 48) as dotted lines. ‘This figure is based on 
the above-mentioned experimentally observed facts that proceeding along 
any line towards B (i.e. increasing shellac concentration) the viscosity 
increases almost logarithmically with concentration. But proceeding 
along a line, parallel to AC, viscosity rises steadily but much less rapidly 
with increase in proportion of the hydroxylic solvent C up toa certain 
concentration of shellac and then it shows minima. ‘The thick line is 
obtained by joining the points of minimum viscosity and it cuts the solubility 
line at the point K. So, all concentrations, less than this value, do not 
show minimum viscosity, while above it viscosity curves will have minima. 
Any line of constant viscosity, which passes below the point K, is con- 
tinuously increasing its ordinate on the line AC (signifying increase of 
shellac concentration) as it proceeds from the C-corner to the B-corner, 
Lines passing above the point K, t.e., cutting the line ZK should, however, 
necessarily have maxima with respect to the line AC. ‘The curves are 
self-explanatory and such diagrams should yield the technically very 
important information of how the viscosity of a varnish varies by dilution 
with the component solvents. 

Such curves are presumably also valid for pyroxylin solutions, with 
the difference that the pointsK and X occur at a much Jower concentration 
of nitrocellulose. The constant viscosity method developed during the 
last few years (Doolittle, Ind. Eng. Chem., 1938, 80, 189; Ware and Teeters, 
ibid., 1939, 81, 738) which proposes to find out that composition of the 
solvent mixture, which has the maximum solid content for a given viscosity, 
evidently yields any point on the line ZK instead of the true optimum 
composition, Z, the position of this so-called optimum solvent ratio, hence 
depending on the viscosity chosen for comparison. Doolittle’s phase 
diagram, howeyer, affords data pseful to lacquer industry and is certainly 
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to be regarded as the first rational attempt towards solvent power evaluation. 
One point about Doolittle’s phase diagram, however, is not clear to the 
author. It is.a mathematical truth that in any smooth parabolic type 
curve, such as the viscosity curves of ours as well as of Doolittle, the point 
of maximum curvature is certainly the minimum point in the cutve, 
whereas Doolittle has drawn (vide his Fig. 19) two straight lines-stiipposed 
to pass through these minimum curvature points. By doing so, the two 
lines will meet at a point (vide his Fig. 20), which according to him is the 
optimum composition. Evidently, this point again is not our true optimum 
composition Z, but is a composition of the line KZ, which is nearest possible 
to Z with the maximum workable viscosity. In a later paper ‘of this 
series, now under. publication, the author has attempted to present a 
generalised picture‘of such vierosity changes, which may help to clarify 
the situation. tg 


It is now clear that the explanation of viscosity of a resin solution has 
its root in the gelation capacity of the system and such solutions above 
the minimum gelation concentration may be regarded in a limited sense 
as‘incipient gels. This shows the importance of gelation studies of such 
systems, work on which are under progress and will constitute a later 
publication. 


We may now summarise the facts we have been able to establish 
about solutions of shellac in a mixture of two non-solvents. Three types 
of viscosity curves are possible as described below under (a), (b) and (c) 
and the eftects of temperature and concentration are shortly summarised 
under (d) and (e) below :— 


Type (a).—~The viscosity curve is somewhat steeper than that of the 
pure solvent mixture and shows no minimum, but a continuous increase 
of viscosity with increase in proportion of the hydroxylic solvent. This 
generally happens for low concentrations of shellac, which is far off the 
minimum gelation concentration. 


Type (b).—The viscosity curve is characterised by a steep fall followed 
by a slow rise, somewhat steeper than that of the pure solvent mixture. 
This tends to take place nearing that concentration of shellac which 
produces gelation at only one extreme of the solvent compositions. 


Type (c).—The viscosity curve is very steep on both sides and so 
assuines almost a U-shape. ‘This occurs when the concentration ‘of shellac- 
is such as to produce gelation at both extremes of the solvent compositions. 

(d) ‘Effect of Temperature-—The effect of higher temperature is to 
displace the ininimum to a lower concentration of the hiydroxylic solvent 
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and to tend to flatten the arms of the U of the viscosity curves. If the 
temperature is sufficiently high, the minima will vanish from the experi- 
mental curve and the viscosity curves will be of type (a) above. 


(e) Effect of Concentration.—With increase of concentration of shellac, 
the minimum stéadily shifts to a higher proportion of the hydroxylic 
solvent, i.e. towards the so-called optimum solvent composition. The arms 
of the viscosity curves also become steeper. 


Bofore attempting an explanation of the different types of viscosity 
curves we must first acknowledge the limitations of the existing theoretical 
developments on viscosity of lyophilic solutions. Recently a number of 
attempts have been made to modify EHinstein’s equation for viscosity of a 
colloidal dispersion to quantitatively include cases .of lyophilic solutions 
with unsymmetrical particles, a resumé of which appears in a_ recent 
book (H. Mark, ‘‘ High Polymers,’’ 1940, MM, 294). A very complete and 
systematic account of the present trend of these theoretical researches 
on viscosity of liquids, solutions and high polymers can be obtained from 
three reviews by Barr, Goodeve and Eirich respectively (“Annual Reports 
on the Progress of Physics’’, 1936, 8, 19; 1938, 8, 20; 1940, 7, 329); and 
also in Reports on Viscosity and Plasticity, specially papers by Bungenberg 
de Jong, First Report, 1939, 2nd Ed , Ch. III, p. r10 ; Burgers, Second Re- 
port, 1938, Ch. I, p. x, and Jaeger, ibid., 1938, Ch. II, p. 29). These 
researches seem to have received stimulus from Staudinger’s work on viscosity 
of high molecular weight solutes but they are still in the course of development 
_ and so connot be profitably invoked tc our aid, ‘Though no body denies 
the importarit role which solvation plays in such solutions, there is yet no 
reliable, even approximate, method of knowing the extent of solvation and 
itsinfluence on other properties, such as viscosity, surface tension, etc. 
of the solution. 


For a qualitative picture we may imagine that due to high solvation, 
a good portion of the solvent gets immobilised resulting in higher viscosity 
and hence the viscosity curves are of the same shape as that of the pure 
solvent mixture (‘a’ curves). How a typical gel of almost infinite viscosity 
is broken down to a fluid of viscosity of even less than a poise with increase 
in proportion of one of the solvents is difficult to explain. If gelation is 
assumed to be due to mutual coalescence of the ‘solvation layer’ made of 
hydroxylic solvent, due to their characteristic association tendency the 
explanation is apparent. A higher proportion of hydroxylic solvent stops 
this mutual coalescence between the neighbouring ‘solvation layers’ and so | 
brings about a lowering of viscosity. However, any such theoretical idea 
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must be highly tentative and so it is evidently of no use to make a detailed 
examination of the data in this light. But these data in conjunction with 
the modern developments on lyophilic solutes, particularly high polymers, 
are able to present a fairly complete and connected qualitative picture of 
the whole field, which we shall attempt to do in the next part of this 
investigation, where the results of further similar studies for other lyophilic 
solutes, like other resins, cellulose derivatives, etc. will be presented. 

The author acknowledges with great pleasure the help and encourage- 


ment he has received from Dr. H. K. Sen, Director, Indian ac Research 
Institute, throughout the course of this investigation. 
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APPLICATION OF HAMMICK AND ANDREW’S FORMULAE 
FOR DETERMINING THE PARACHOR OF A SOLUTE. 


By-W. V. BuaGwat anp P. M. ToSHNIWAL. 


It is shown that Hammick and Andrew's equation for the parachor of a solute holds 
under all conditions, f.e., when (a) number of molecules in solution remains equal to the 
suin of the molecules of the constituents, (b) when they are equal to the solvent molecnies 
only, (c) when they remain equal to solute molecules only, or (d) when there is jonisa-~ 
tion. Lakhani and Daroga's modification is proved to be mcorrect. In case of salts it is 
assumed that ionic and atomic parachors are identical. It is further shown that parachor 
of an associated solute is » times the parachor of simple molecules 


Hammick and Andrew’s formula (J. Chem. Soc., 1929, 754) 


Py=(1—-x)P, + xPx 


where Py=is the observed paiachor of the solution containing x fraction of 
solute molecules, Pp =the parachor of the solvent and P,, the parachor of the 
solute. ‘Fhe equation has been verified in case of several liquids and solids, 

Lakhani and Daroga (J. Indian Chem. Soc., 1938, 18, 37, 520) have 
tried to extend this work to inorganic salts and have advocated a modifica- 
tion of the above formulae on the ground, that when liquids are mixed, the 
volume is in general equal to the sum of the volumes of the constituents but 
when a ‘solid is dissolved, the volume change is negligible. Therefore, since 
according to Sudgen’s equation . 

P= Vy 


where V is the molecular volume or as in Hammick and Andrew’s equation 


Py = Vuy* 
where Vy is the mean molecular volume, the parachor values calculated by 
the above equation, when inorganic salts are dissolved in the solvent, will be 
half as when liquids’ are dissolved. Consequently Hammick and Andrew’s 
equation when applied to the inorganic sqlutes in solution and when volume 
changes are negligible should be written as 





Py=(1-x)Pp 


Thesévauthors have verified this equation in the case of numerous inorganic 
salts. . 
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The modification introduced by Lakhani and Daroga is, however, open 
to objection since 

(a) The mean molecular weight has nothing to do with volume of the 
system, but is solely determined by the total weight afid total number of 
molecules. 

(b) It isnot necessary that for all values of x, the molecular weight 
calculated according to their suggestion should become double the value 
obtained by Hammick and Andrew’s equation 


Mu=(1-x)Mp +aM\, 


where Mx=mean molecular weight, Mp=the molecular weight of the 
solvent and Mx=the molecular weight of the solute. 

(c) Asit will be shown below the equation of Hammick and Andrew's 
remains unchanged whether we assume (i) that total number of 
molecules after mixing=the sum of the molecules of the constituents, (ii) 
equal to the number of solvent molecules, and (t#1) equal to the numbe: of 
solute molecules. ‘ 


(d) The equation also remains unchanged even if we assume that salts 
1onise, provided ionic and atomic parachors are identified. 

Moreover, it appears that they have not verified their equation with 
actual results. They have substituted a value of 54 for the parachor of 
water (J. Chem. Soc., 1924, 125, 1188), whichis apparently too high and 
cannot be justified since the value given by Sudgen is 52°3 (“* Parachor’’, 
1930 ; vide also International Critical Table, 1929, IW, 447). ‘They have 
not found out the value of P, for themselves. The value for P, for water as 
obtained by Ray (J. Indian Chem. Soc., 1938, 18, 43) is 52°6. It is clear 
therefore that to verify their equation, value of P; should be taken to be 
52,3. With this value, we are afraid, their equation completely breaks 
dowu as the following table shows. : 


TABLE I. 
Salts, x. Px. Py with Pp =52°3. Px cale. 
KCl 0 0588 53°56 215 2 . 162 7 
KBr 0 0434 55°49 255°2 176°4 
KI 0°0368 55°67 2886 199°4 
KNO; o 0426 55°98 2768 200'9 


We have recalculated all their results (J. Indian Chem. Soc., 1938, 
18, 43) and have observed that the cquation completely breaks down. 

In case of KCIOs, KBrO; and KCIO, even with P,=54 the values be- 
come absurd (Table I). ’ 
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Tape II. 

Salt. ih Py. oe Py's 5 j say te . 
KC10, 0°0216 - 53°4 18 527 
KBrO) | 0°0159 $319 : a3i'2 sd “75. 
KCIO, "  g'Q103 es 52°86 “4372 “ve 


Strangely enough in case of NaNOs (ibid., 1938, 15, 520) they have 
used Hammick and Andrew’s equation instead of their own. 

They have suggested that in Ray’s results (J. Indian Chem. Soc., 1938, 
18, 43) the observed parachor of ammonium salts approach the calculated 
value if their equation isemployed. But in reality the i1esults so obtained 
appear to be different as compared to the calculated values. 


Tasie II. 
NH.Cl in H,0. 
Xe Py. Px with Pr = 54 Py cale. 
Lakhani's equation. 
0°00662 3527 Negative 133°6 
0°00977 52°97 re 133°6 
o'Orrr | 53°28 s 133°6 
o'07614 57°79 210 i 133°6 
0"09915 59°40 217 133°6 


Hammick and Andrew have derived their equation on the assumption 
that the total number of molectles in solution remains equal to the sum of 
the molecules of the constituents. This need not be so.. The number of 
molecules in solution may be equal to that of solute orsolvent or may change 
due to association or dissociation of solute molecules. We shall now consider 
how far the equation of Hammick and Andrew holds even in these cases. 


The Total Molecules in Solution=the Molecules of Solvent. 


' In this case the solute molecules may be said to distribute themselves 
equally amongst all the solvent molecules to form new molecules, thus keep- 
ing the molecules in solution equal in-number to solvent molecules. Hence 
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if « represents the number of solute molecules distributed per solvent mole- 
cule, the weight of the new molecule= weight of one molecule of solvent + 


weight of x; molecules of solute 
e 


or . M'x= Mp +x,Mx tes (i) 


where M’,=the molecular weight of the new molecules. 

In Hammick and Andrew’s equation, 1 represents the number of mole- 
cules of solute per (tr) molecules of solvent. Hence the number of mole- 
cules of solute per molecule of solvent=x, is given by the relation 


wee (it 


a4, = 





PX 
Substituting this value we get 
M'y= My + —~—Ms ‘ou. (i) 
I-Xx 
or . (1 —x)M'u=(1-—x)Mr + xMx 


But by Hammick’s equation 
Mu=(x ~ x)M> +aMx 
Hence (1-x)M'n= Mx ve. (iv) 
The value of parachor of the solute P’, for the new molecule will be 
given by 








P= a y. E 
eek ea See Ge 
Substituting the value of Mx = a 
_. %M 
fs x 
we get Ply Hees) Y*, 
But Py . 9 
Hence P= P. é 
I-Xx 


This value will be=2Px if x=4; and not for all values of x as suggested by 
Lakhani and Daroga. ‘The parachor of the new molecule is given by the 
equation 

P=P,+x,Px 
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if parachor is an additive property and therefore equal to parachor of one 
molecule of solvent +x molecules of solute. Substituting the values of P’x 
and x1 we get : 


r Pu =P, + = Ps 
I-x I7-Xx 








or ° Pu=(1~-x)Pp + xPx. 


Thus the equation of Hammick and Andrew remains unchanged and 
and hence gives the correct values of Py. Ina similar way it can be shown 
without difficulty that Hammick and Andrew’s equation holds good 
when the total molecules=molecules of solute, and also when solute 
ionises. 


The nature of the expression when solute molecules undergo association 
is discussed below. 


When Solute Molecules Associate. 


Let us now suppose that solute associates, so that n molecules form one 


molecule. 
nA= (A) as 


If x be the fraction of the number of these associated molecules then 


mean molecular weight 


M'y=(1—-x1)Mp +xgM'su, 


where M’, is the molecular weight of the associated molecule of the solute. 
Hence M.=21Me 

If the original fractions of the solvent molecule to solute molecules 
xX 


molecules of 





without polymerisation areas 1—x:x then there are 


solute per molecule of solvent. Hence the number of associated molecules 


formed is fe a Thus the fraction of the associated molecule 
a(i-x 
ee x/n(x—- x) 
x 
“F 
: n(x—<x) 
or Xy = 


amt -i)x 
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Substituting this value we get 
My= jana bn, io 


n-(n—1)x n-(n—-1)x 


oe (43) Mp + eM} 


n—-(n-x)x , 
pi 
ere aa he 


Also Py= Mx 2 a2 ¥ a nPe 





d n—(n—1)x" d n—-(n—-1)x" 
But Ply=(1~2%q)P> + x9P'x 
Pun _  n(t—x) jes aig 


or Scene pees AI ee eee + : 
n—-(n—Dx n—-(n—-Dx ” n—-(n-Dx * 


where P’; is the parachor of the associated molecule 


or nPy=n(t—x)Pp + P's 
or xP=nxPx but this is 
~ =n{Pu-—(1~—«)Pp } 
or Ple=aoPsx. 


Parachor of associated molecule, provided it is additive, is n times the para- 
chor of a simple molecule. This means it is impossible to detect association 
of solute by pazachor, since in mean molecular weight the value to be subs- 
tituled for M is n timesM. The failure of Hammick and Andrew’s formulae 
therefore must be attributed to some other cause than mentioned above. ; 
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QUANTITATIVE SEPARATION OF CALCIUM FROM 
STRONTIUM USING ACETONE AS A SOLVENT. 


By M. M. Triiu ano M. S. TELanc. 


A quantitative separation of calcium from strontium has been effected by using 
acetone as a solvent The method is based upon the principle that calcium nitrate 
is highly solable in acetone while srontium nitrate is insoluble in the same solvent. 


Data on the separation of caicium from strontium in analysis appear 
to be meagre. One method is to separate the nitrates by a mixture of 
ether and anhydrous absolute alcohol (1:1) ; alternatively, anhydrous 
amy] alcohol is used ‘(Scott, ‘Standard Methods of Quantitative Analysis’, 
1937, Vol 1, p. 6). ‘Tananaev reports (Z. anal. Chem., 1935, 100, 391) 
the use of glacial acetic acid for their separation as dry nitrates Further 
quantitative results confirming this claim are, however, lacking. 


With a view to selecting a solvent which is easily accessible in the 
purest condition. we carried out a series of investigations with various 
organic solvents and we have found that acetone serves the above purpose 
quite satisfactoriiy. 

Strontium nitrate is insoluble in acetone while calcium nitrate is highly 
soluble. It follows, therefore, that tle two elements should be present in 
the mixture as dry nitrates. If they are not initially present as nitrates, 
they have- to be converted into dry nitrates hy the usual method (cf. 
Scott, loc. cit.). 


EXPERIMENTAL, 


The order of solubility of stiontium nitrate in acetone as found by us 
at 35° is 1 part in 15,000 parts of acetone. Calcium nitrate is highly 
soluble. 

Various mixtures of calcium nitrate and strontium nitrate were 
prepared in water solution and the results of analysis according to this 
procedure have been recorded in the accompanying table. 


A known quantity of strontium nitrate solution (about 5%) was taken 
in a weighing bottle and evaporated to dryness, the weight of the 1esidue 
corresponding to the amount Qf strontium nitrate taken. To this residue 
of strontium nitrate again a known quantity of calcium nitrate solution 
(about 5%) was added and evapotated to dryness at 170°. The weight 
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of this residue less the weight of strontium nitrate taken gives the weight 
of calcium nitrate taken. 

The mixture of the dry nitrates was prepared by evaporation and dried 
at 170°. Calcium nitrate was extracted with acetone from strontium 
nitrate and the filtration was done through a sintered glass crucible. The 
acetone solution was evaporated to dryness and the residual calcium nitrate 
was further dried at 170° and weighed as such ‘The strontium nitrate 
left behind after extraction in the sintered glass crucible was dried and 
weighed. 











TaBie I. 

Mixture Sr(NO3), Ca(NO3). 
ave Actual Vound Actual. a is Faand 
I 0 1610 0°1504 0 1640 0 1670 
I 01396 0'1360 073880 | 0°3840 
mm © 3430 0 3464 0'1784 o"1740 
IV 0.3240 0°3230 0'2550 0°2542 
Vv 0°4820 0°4800 0° 1800 0 1780 
VI 0°4860 0°4854 0°3490 . 0°3480 
vit o'6116 0°6120 o'I750 o'1764 
VUr 01600 o'r6r0 0°5060 0'5070 
Ix 0°3184 0°3180 0°5390 0'5400 


We thank Professor B. V. Mohilé for giving us the necessary facilities 
and encouragement. 
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THE ALKALOID OF BERBERIS UMBELLATA, WALL. 
Looe PART II. 


By R. CHATTERJEE. 


Umibellatine is shown to possess an imino methyl group. Of the 8 atoms of oxy gen, 
4 wee shown in a previous commmnication to be present in a methylenedioxy and two 
methoay groups, the remaining 4 are now proved to be present as OH groups. A 
comparison of the properties, absorption curves and derivatives of umbellatine with 
those of berberine has been made ; it has been concluded that methylenedioxy-tetrahydro- 
tsoquinoline skeleton forms a part of the nmbellatine nucleus. 


Umbellatine 1s mentioned to be the chief alkaloid of the Himalayan Ber beres, 


¢.g., B insignis B, nepalensis, B. lycium and B. Wallichiana etc., and some of its 
salts are described. 


Umbellatine, the alkaloid first isolated from Berberis umbellata, Wall 
(J. Indian Chem Soc., 1940, 17, 289) is found to be present as the major 
alkaloid in othe: Himalayan Berberes. It has been reported to occur in 
B insignis Hook. f. (Chatterjee, J. Amer. Pharm. Assoc., 1941, 380, 
247) and also in other species of the Himalayan Berberes like B. nepalensis 
Spreng., B. lyciuin Royle and B. Wailichiana D.C., an account of which 
has not yet been published. Berberine is the chief alkaloid of all European 
Berberes, investigated up till now, and since umbellatine is obse1ved to 
occur commonly in the Himalyan specics of the same genus Berberts, it 
is thought that most probably umbellatine is analogous to berberine in 
structure. A comparative study of the properties and derivatives of both 
uinbeljatine and berberine shows the close similarity of the two alkaloids 
(Table I). 


In Fig. r are shown the near ultraviolet absorption curves of umbella- 
tine and berberine. It is well known that such comparison of spectia serves 
as one of the physical methods to arrive at the essential central structure 
of complex organic compounds (Hartley, Phil. Tians., 1885, 176A, 471; 
Dobbie, J. Chem. Soc., 1903 88,605; Brustier, Bull. Soc. Chim., 1926, 
89, 1527). It is evident from the figure that the absorption curves of these 
two alkaloids are extremely analogous. Only a slight hyperchromic effect 
is observed in the new base which might easily be attributed to the several 
phenolic OH groups it contains (Klingstedt and Brode, International 
Critical Tables). Kitasato’s work (Acta Phytochim., 1927, 8, 175) on the 
absorption spectra of 42 alkaloids classifies the bases berberine, coptisine, 
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cotarnine, worenine and hydrastiuine as showing very similar absorption 
spectra. They all show the strong baud at ca. 3400-3500A, which the 
author connects with the methylenedioxy tetrahydrofsequinoline skeleton 
by a process of elimination. The identical position of this prominent baud 
in umbellatine is a strong positive evidence for the pregence of the same 
basic nucleus in this alkaloid, the evidence being of course as conclusive 
as is warranted by this statistical physical method of structure analysis. 


Fic. 1. 


08 


o7 


o'6 


os 


o'4 


03 


Extinction coefficient. 


o'2 





20004, 2souA ~ “ 30008 35004 
—> . 
Cutves 1 & 2 refer respectively {o berberine and nmbellatine 


Umbellatine forms salts with acids like hydrochloric, hydriodic, uitric, 
sulphuric and picric acids mostly analogous to the corresponding salts of 
berberine; in their colour and solubility in water. With palladium- 
charcoal, umbellatine takes up successively 2 and 4 atoms of hydrogen, 
forming a yellow dihydioumbellatine and a lemon-yellow tetrahydro- 
umbellatine, .m.p.’ 213-15” (decomp.). It had been already shown’ that 
umbellatine formed a yellowcoloured, bright crystalline derivative with’ 
nitious acid. From the estimationof nitrogen of the derivative, it was suppos-_ 
ed' tobe’ a ‘nitroso compound which pointed to the secondary character of 
the nitrogett atom in umbellatine. The analytical data are also in good 
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agreement with the formula C.,H3,0,N, HNOs, where nitrous acid forms 
the nitrite of the base. Itis not improbable, therefore, that the N atom 
in umbellatine molecule imght be present asa tertiary amine. More than 
one example of alkaloids might be cited where a molecule of nitrous acid 
is added to the*tertiary uitrogen group. The phenylthiocarbamide test 
for the secondary nitrogen fails m the case of wimbellatine. The base 
forms a methoiodide and ils imino-inethyl determination (Herzig and Meyer) 
is positive, elucidating the tertiary nature ‘of the N atom of the base; so 
the molecular formula of umbellatine C,,H.,0,N, can be extended to 
CooH 90s (N“CHS). ™ 


The product of methylation of the base by diazomethane could not 
be isolated ; ‘the methylating agent methyl iodide reacted only to forma 
methoiodide ; umbellatine could only be successfully methylated by dimethyl 
sulphate, producing a monomethyl ether, ‘which indicates the phenolic 
character of one of the hydroxyl groups present. On boiling with acetic 
anhydride in presence of a few drops ofpy ridine; umbellatine . yields a 
a diacetyl derivative Of the 8 oxygen atoms present, in one molecule 
of the base, 6 can now be accounted for—z of them are in the methylene- 
dioxy group and 2 in the methoxy groups in the molecule as has been 
previously recorded. The remaining 2 which are acetylated must be 
present in two free hydroxyl groups. Now the formula of umbellatine 
is further extended to C,H,0, (CH,0,) (NCH;) (OMe), (OH),. The func- 
tion of the remaining 2 oxygen atoms of the molecule could not be determin- 
ed directly as yet. Umbellatine does not undergo hydrolysis in presence 
of an acid or an alkali, eliminating the possibility of the 2 oxygen atoms 
being present in a lactone ring. Unlike berberine, it would neither form 
an oxime nor a semicarbazone which, in all probability, indicates the 
absence of a carbony] group. The base contains 4 reactive hydrogen 
atoms (Zerewitinoff). It has already been mentioned (loc. cit.) that 
umbellatine retains half a molecule of water of crystallisation even when 
dried in vacuo over P,O; at xr10°. The experimental results show that 
the volumes of methane collected during the active hydrogen determinations 
are always greater than the calculated volumes. There the excess voiumie 
of methane can safely be considered to be formed from half a molecule 
of water reacting with magnesium methyl iodide, so the 4 atoms of hydro- 
gen have been, in all probability, obtained from 4 hydroxyl groups of the 
base, 2 of which could be acetylated. Hence the formula of umbellatine can 
be written as : 


C,H, (OH), (CH,0,) (NCH;) (OMe), (OH), . 
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‘TABLE I. 


Comparison of properties of umbellatine and berberine und 
thei: dervaiives. 


Umbellatine. Berberme. 
e 

Mol. formula Cg Ho Og CygETygO5N 

Colour ; Yellow Yellow 

M.p. . 206-7° (decomp ) 145° 

Water of crystallisation 55 molecules; } molecule 5'5 molecules; 24 mole- 

is retained even on drying cules ate retained on 
in vacuo at 110°. drying at 100°, 

Solubility Soluble in ethyl and methyl] Soluble in ethyl and 

alcohols, sparingly soluble methyl alcohols, spar- 

in acetone, chloroform and ingly soluble in ace- 

cold water, Insoluble in tone and chloroform, 

benzene. more soluble in water. 
Slightly soluble in 
benzene. 

Optical activity Inactive Inactive 

‘ 

Acidifed with conc A blood-red ring at the A blood-red ring at the 
H,SO, and brought junction of the layers of junction of the layers 
in contact with cblo- two liquids. of two liquids. 
rine water. 

Umbellatine chloroplatinate Berberine chloroplatinate 
cannot be crystallised. can be crystallised 
: from boiling amyl 

alcohol. 

Functional groups Coutains 2 methoxy groups, Contains 2 methoxy 

; 1 methylenedioxy gioup. groups, 1 methvlene- 
dioay group. 
Contains at least two active Does not contain any 
hydroxy] groups. hydroxy] group, 
Coutains an imino- methy] - Contains an ituino 
group group, 
, Does not form an oxime Forms an oxime under 
certain conditions, 
Tetrahydro derivatives ‘Tetrahydroumbellatine _ Tetrahydroberberine , 
Lemon-yellow plates, rysta Crystalline, colourless 
lline, m.p. 213-15° prismatic needles 
(decomp.) m p. 262° (decdmp.). 
Salts of the type B, HX Umbellatine, HC] etc. Berberine, HCl etc. 


with mineral acids. 


ExPRRIMENTAL,. 


Absorption Spectta of Umbellatine and Berberine.—Solutions of 
the bases having a concentration of 1 in 80,000 in water were used. 
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Tungsten steel spark was the source of light. The spectra were photo- 
graphed with a Spekker spectrophotometer on a qtiartz spectro- 
graph. The match points were marked by visual comparison ‘and the 
wave-lengths réad off approximately from a wave-length reading plate 
slipped behind the negative. Both the curves show two absorption maxima 
at 2650 and 3430, minima at 2490 and 30508. (Fic. 1) 

Umbellatine nitrate, prepared by the usual method, crystallised from 
alcohol as dull yellow needles. It charred without melting above 250°. 
(Found: N, 6°3. Cz,Hz:0,N, HNO; requires N, 6'o per cent). 

Umbellaiine sulphate, prepared by the usual method, crystallised from 
hot alcohol as glistening yellow needles, m p. 274° (decomp.). [Found:§, 
3°2. (Cs,H2,0,N),HSO, requires S, 3°4 per cent]. 

Umbellatine Picrate.—On treating a solution of umbellatine in alcohol 
with an alcoholic solution of picric acid, the picrate was precipitated at 
once. The picrate was crystallised from hot alcohol as brown feathery 
needles, m.p. 232° (decomp.). (Found: N, 8'9. Co7Hai0.;N, requires N, 
8°7 per cent). 

Tetrahydioumbellatine.—A solution of umbellatine ‘base (0'23 ¢.) in 
methyl alcohol (20 c.c.) was mixed with palladium-charcoal catalyst (o'r g.) 
and shaken with hydrogen until the yellow solution was practically colour- 
less. Absorption was at first rapid but became slower after 20 minutes; 
23 ¢.c. of hydrogen were absorbed in 45 minutes (Calc. for CaiH3i0,N, 
4H,O: 4H, 25c.c). The solution was filtered from the charcoal; the 
charcoal was washed carefully with methyl alcohol (zo c.c.). The solution 
deposited on concentration a pale yellow powder which on recrystallisation 
yielded lemon-yellow transparent plates of tetrahydroumbellatine, m.p. 
213-15° (decomp.). (Found: C, 59'5: H, 5°5; N, 3°3 Ce: HasO,N requires 
C, 600; H, 6.0; N, 3°34 per cent). 

Dihydroumbellatine.—A solution of umbellatine (o'2 g.) in methyl 
alcohol (20 c.c.) was shaken with palladium-charcoal catalyst (o’z g.) in 
hydrogen. Absorption was stopped after 20 minutes when 11x c.c. of 
hydiogen (equivalent to 2 atoms) had been taken up. The solution 
of the product was filtered from the catalyst and was concentrated to yield 
dibydroumbellatine as dull yellow rods, which charred without melting. 
(Found : C, 60°0; H, 5°34. Cs,H2;0,N requires C, 60°43 ; H, 5°5 per cent). 

The Imino-methyl in Umbellatine.—The imino-methyl was determined 
by the micro Herzig-Meyer method. (Found: N’Me, 5°3. Cy:H3,0,N, 4 
H.O requires N‘'Me, 6 8 per cent). 

Umbellatine Monomethyl ether.—An excess of dimethyl sulphate was 
added drop by drop to a solution of umbellatine (o'r g.) in 10% potassium 
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hydroxide with constant shaking. After 4 hour yellow, silky fine needles 
separated. The shaking and the addition of dimethyl sulphate -were 
continued and the mixture was kept alkaline. After an hour the crystals 
were filtered, well washed with water, dried and then “crystallised from 
alcohol as silky yellow needles, m.p. 265°. [Found OMe, 2r'r. Cas3HaO,N 
(OMe) requires, OMe 20’9 per cent; equiv. to 3 OMe groups of which 
2 are already present in a molecule of umbellatine]. 

Diacetylumbellatine.—Utmbellatine (o'r g.) was mixed with acetic 
anhydride (20 c.c.)} and pyridine (6 to 8 drops) and heated on a water-bath 
till the last traces of umbellatine went completely into solution, the time 
usually taken being 34 hours. On leaving overnight, yellow needles 
appeared which shrink at 187° and melt with decomposition at 193°. 
(Found : C, 59°72; H, 5°84; N, 2°98. CssHesO.9N requires C, 59°83; H, 5°4; 
N, 2°8 per cent). 

Reactive H atoms in Umbellatine.—A Zerewitinoff determination of the 
base liberated methane equivalent to 4 reactive hydrogen atoms. 

0.48 G. of umbellatine, C,,H2,0.N, 4 H,O, in pyridine treated at the 
ordinary temperature for ro minutes with excess of methyi magnesium 
iodide, gave 13°2 c.c. of methane (theory requires 11°2 c.c. of methane, 
equiv. to 4 reactive hydrogen atoms). 

0'454 G. of umbellatine gave 12°3 c.c. of methane (theory requires 
106 c.c. of methane ; equiv. to 4 reactive hydrogen atoms). 

0°38 G. of umbellatine gave 10°4 c.c. of methane (theory requires 
7°8 cc. of methane ; equiv. to 4 reactive hydrogen atoms). 

The author expresses his gratefulness to the Rector, the very Rev. 
Father C. A. Vrithoff, S.J., for affording him laboratory facilities, to Mr. 
G Karmakar, M.Sc., for the absorption photographs and to Mr. N. Ghosh, 
M.Sc. for all the micro-analyses, recorded in this paper. 
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STUDIES IN INDIGOID DYES. PART X. 
By Pargsa CHANDRA Durra AND RAMANI MOHAN SINHA. 


Indigoid dyes derived from 9-phenanthrathiophene-2 :3’ -dione have been described. 


9-Phenanthrathiophene-2! :3'-dione (J. Indian Chem. Soc., 1941, 18, 
471) has been condensed with thioindoxyl and with isomeric benzthioin- 
doxyls such as 6:7, 4:5 and 5:6 with a view to studying the influence of 
the position of additional benzene ring in the thionaphthene nucleus on the 
colour of these indigoid dyes. The parent substance, the condensation 
product of the dione with thioindoxyl, is a violet dye and the condensation 
products with 6:7- and 4:5-benzthioindoxyls are chocolate dyes and the. 
. product with 5:6-compound, a bluish violet dye. This is in conformity 
with the findings of one of the present authors (Dutta, Ber., 1934, 
67, 1319; 1935, 68, 1447; 1936, 69, 2343) that, if an additional 
benzene ring is introduced in the thiondphthene nucleus to load the 
molecule, the most favourable position for the deepening effect on colour is 
the 5 .6-position ; on the other hand 4:5 and 6:7-positions have a lighten- 
ing effect. 

EXPERIMENTAL, 


3': 9-Phenanthrathtophene-2-thionaphthene-indigo. 


A o 


R= < CO) { | ve in the fomuls: in this paper 
on i | | | 


g-Phenanthrathiophene-2':3'-dione (0°66 g.) was dissoived in’acetic acid 
(soc.c.) and 0°35 g. hydroxythionaphthene in ro c.c: acetic acid. Into the 
separate solutions a current of carbon dioxide was passed for sometime and 
then the solutions. were mixed together. The mixed solution was refluxed 
in a current of carbon dioxide with the addition of 5 c.c. of concentrated 
hydrochloric acid when it became dark brown and a reddish violet crystalline 
mass separated out. It was filtered, the precipitate collected and washed 
with acetic acid and water. It was then recrystallised from pyridine in 
violet slender needles, melting above 290°. The dye dissolves in an alkaline 
_ hydrosulphite vat with a yellow colour and dyes cotton a violet shade. 
(Found: C, 72°56; H, 3°2x.. CaHis025, requires C, 72°72; H, 3'03 
per cent). — 
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3!: g-Phenanthrathiophene-2-(6:7)-benzthionaphthene-indigo 


CO 
() | 
was prepared- like the previous compound from 9-phenanthrathiophene- 
2':3!-dione (0°66 g.) and 6:7-benzthioindoxyl (o’5 g.). It was recrystall1- 
sed from nitrobenzene in small chocolate needles, melting above 295°. It 
dissolves in concentrated sulphuric acid with a biownish violet colour and in 
alkaline hydrosulphite with a yellowish brown colour from which it dyes 
’ cotton a dark chocolate shade. (Found: C, 74°98; H, 3°21.° Cas His O2 So 
requires C, 75°33; H, 3°14 per cent). Be ox 


R=C 


3 ee ean oe ees 


R=C 
: Ss ; 
@ Was prepared in a way similar to the previous compounds from 
‘9-phenanthrathiophene-2':3'-dione ‘o°66g.) and 4:5-benzthioindoxyl] (0’5 g.). 
It was obtained as a chocolate crystalline mass from . nitrobenzene, m. p. 
above 295°. It dissolves in concentrated sulphuric acid with a blue colour 
and dyes cotton from an orange-yellow hydrosulphite’ vat a chocolate shade. 
(Found : C, 75°14 3 H, 3°r9 per cent). 

3! : 9-Phenanthrathiophene-2-(5:6)-benzthionaphthene- edie 


3 CO AXYN 
aoe 
. Go 
was prepared similariy from 9-phenanthrathiophene-2’:3'-dione and 
5:6-benzthioindoxyl. It was recrystallised from nitrobenzene in violet 
needles, melting above 295°. It dissolves in concentrated sulphuric acid 
with a blue colour and dyes cotton from an alkaline hydyosulphite vat a 


blue shade. (Found: C, 75’2z ; 34, 3°16 per cent). 
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STUDIES IN GLASS SYSTEMS. REFRACTOMETRIC MEASURE- 
MENTS OF POLAR CRYSTALS IN B;0,-GLASS. 


By Suzopp Kumar MAjusDAR AND ASEEM Kumar SARMA. 


The mole refraction of LiCl, NaCl, KCI, RbCi and CsCl dissolved in Ix ric oxide 
pies ® has been measured and the deformation of the crystals calculated. ne 


- Fajans and Joos iz. Physik, 1g21, 97, 304) postulated the. “mutual cifect 
of neighbouring ions in polarising their electron sheaths. Certain regulari- 
ties have been observed by Fajans and his co-workers in various systems, - 

” iz., solid crystalline state, aqueous solution and in the gaseous state. 
. An excellent summary of the experimental results in aqueous solution has 
“been given by Fajaus dnd others (Z. Elektrochem., 1928, 34, 2). Although 
much work has been done on the above lines comparatively little work has 
been done in studying the deforming eflect of typical polar crystals when 
dissolved in a homogeneous glass, preferably not exerting any chemical 
action; Wulff and Majumdar (Z. physikal. Chem., 1936, 81B, 319 ) 
studied the system «Na,O, BOs. The subject has also been studied 
by Tilton and Too] (Bureau _of Standards J.; 1929, 8, 619), Faik and 
Finn’ (ibid., 1931, 8, 993), Hubbard and Finn (ibid., 1935, 14, 133) and 
Morew and Merwin (J. Opt. Soc. Amer , 1932, 22, 632). — 


Recently Biltz and his co-workers have carried out a systematic investi- 
gation’ on the subject of additivity of constituents in the glass system (Biltz, 
Weibke and Schraeder-Trager, Z. anorg. Chem., 1937, 284, 253) and have 
concluded that strict additivity still persists when constituents enter into the 

“composition of a glass system : ‘“ Die Molrefraktion einfacher Glaser ist eine 
“éindeutig und stremg additive Gidsse.’’ (Glastech. Ber., 1938, 46, 131). 
Kordés (Z. anorg. Chem., 1939) 241, 1, 418), on the other hand, disputes the 
above ‘conclusion of Biltz. It was therefore decided to prepare-solid solutions 

» of polar crystals like LiCl, NaCl, KCI, RbCl and CsCl in boric oxide glass 

and measure the refractive index and density of the samples and hence 
calculate the deformation produced in the crystals. 

-- Various methods have been suggested for determining the deformation 


of ions and molecules, based on measurement of dielectric constant, refrac- 
tive index, etc. It is well known that in the Clausius-Mosotti equation, if 
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the dielectric constant is replaced by square of the refractive mdex (for 
infinitely long waves), then we get the Lorenz and Lorentz equation 


n®—-r x 


n?t+e2'q’ 





whete ris the spécific refraction. By multiplying both sides of this equation 
by M, the molecular weight, we get R, the mole refraction, given by the 
equation 


_n-1 M 
n2+2 6d 


R, which is expressed in c.c., is a measure of the molar polarisation (electron 
polarisation if measurements are made with the visible range of the 
spectrum), 

Itis well known that paths of electrons undergo change when brought 
in an external electric field, the magnitude of the deviation depending upon 
strength of the applied field (Stark effect). It is natural to expect, theiefore, 
that when the electron sheath of an ion and also to a limited extent of: 
neutral molecules comes in the vicinity of another ion, a deformation should 
occur, which may be likened to the Stark effect in a homogeneous field. 
The deformation, which really represents a sum total effect of various factors, 
‘is at best only a qualitative indication of mutual interaction of charged partis 
ele in the system.- In some cases, the phenomenon has been quantitatively 
explained in the light of the more recent theory of-resonance, as for example 
in the case of the HCl molecule, but up till now, no general quantitative 
explanation is available.- Fajans.and his co-workers have deduced certain 
regularities guiding deformation in general. The cation is usually the 
deforming and the anion the deformed ion. Actually there are several 
effects to be taken in account, namely the mutual - interactions of the respec- 
tive ‘nuclei and the ‘peripheral charges. ‘These effects are, however, not all 
equally strong and we are left with the one effect which preponderates over 
the rest, nainely, the deforming effect of the negative sheath of the anion 
by the positive sheath of the cation. It follows, therefore, that with’ the 
same anion, a smaller radius of the cation of the same valency will mean a 
stronger deformation of the anion and this will of course increase with higher 
valency, of the cation. ‘The general conclusions of Faj jans and Joos may be 
briefly summarised as follows : {t) The deformability of, ions increases with 
increasing atomic number. “Gi An anion is more deformable than the 
catiori; the greater the charge of the ion, the greater the deformation. (tz) 
The deforming ‘power of the cation increases with the charge and erable 
witlr the ionic diameter: * 
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If rrepresents the specific refraction of a mixture of, say, two com- 
ponents, whose mole refractions in the pure state are 1, and rg and p, the 
percentage of the first component in the mixture, then, if there is no mutual 
interaction of the Somponentss in the mixture, the additivity, law will hold 
good,. 1.€. 2 ° ‘ : ey oe 

. ‘ 


nm? 


: roor = pr) +(100—p)re. 


Any deviation fiom ‘thé additivity formula will point to deformation in” 
the system. If the solvent be assumed to be unaffected, which’ probably is 
not strictly true, the deviation from the additivity formula will afford us a 


; to of at Jeast qualitatively defining | delonnelion of the solute. - 


“Ina system consisting of - b% of ‘Xcl and (r00— p)% of B,Os, if we 


: detertnine the refractive index ny “for sodium light and the density d of the 
: system, then we can calculate the value of rg from the above equation after 


finding out the ‘value of r for the mixture from the Lorenz-Lorentz equation, 
taking a constant- value of r;, which is taken to be o” rsre.c. (Wulff and 
Majumdar, loc. cil.). By ‘multiplying this value of rg by ‘the molecular 


oa 


weight of XCl, we get the mole refraction of KCI in the glass. This value 


may _be;usefully compared with ‘those of XCI in the crystal on-the one hand 
and-in state of infinite dilution in aqueous solution on the other, ~ ---~ , 


. For absolute value of R, an extrapolated value of refractive index, ny : 


should be used in the Lorenz-Lorentz equation. But for comparative . 


purpose in which absolute values are not involved, the value of rptractive 
index ny» for sodium light may be conveniently use 


Bid 


ExPERIMENTAL, 


Preparation of the Samples —Boric oxide (Merck pio A nalyse quality) ° 
was twice recrystallised from hot wate: and dried in a vacuum desiccator for + 
days until absolutely anhydrous as tested by anhydrous copper sulphaier.. 


with. its solution i in absolute alcool: Unless special, precautions are taken + 
in dehydration, the molten B,O; glass will tenaciously retain traces. of -. 


moisture, which would later interfere with the value of a mole refraction, R. 
‘A better ‘method, which could not unfortunately be followed, would be tg 
use an induction oven of high frequency in high vacuum (1074 to- 207% nim ee 
using an ordinary oil pump anda couple of. secondary mercury ‘diffusion 
pumps, as used by Wulff and Majumdar (loc. cit.). The error involved; 
however, is not regarded sufficiently high to affect comperalive . results 
-which the present communication claims. -. . . Gh ahy > itiaky sites 


tet 
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The chlorides of lithiuin, sodium, potassium, rubidium and caesium 
were Merck’s reagent quality products and were catefully dehydrated for a 
pretty long time. Lithium chloride, which is very hygroscopic, was 
evaporated to dryness i a platinum dish and maintained at a temperature 
of 4oo-500° in an electiic oven for several hours. . ‘ 


Samples of boric oxide and alkali chloride in varying propoitions were 
taken in platinum crucible and heated in an electric furnace at a tempera- 
ture of goo-1000° for several hours in order to eusure thorough homogeueous 
mixing of the ingredients. A portion was sublimed at first but after a’ time 
a melt of constant composition was obtained. The crucible was then removed 
from the furnace and quickly chilled by placing it on a cool surface, when 
the solidified glass cracked. The solid was then taken out with the help of a 
sharp-pointed knife, transferred to a sample tube and kept within a vacuum 
desiccator. Before each experiment the sample was first dipped in absolute 
alcohol, then in pure toluene and finally quickly dried in a blast of hot air. 
In this way any superficial Jayer of hydroxide formed was washed out and 
the glass presented a thoroughly transparent appearance. 


The above method of preparation of samples is not free froin objection. 
Molten boric oxide has a different coefficient of cubicul expansion from 
platinum aud in consequence of this when the melt solidifies great stress is 
brought to bear upon the system. ‘This might render the glass double 
diffracting, a fact which can be easily verified by suspending the solid in a 
liquid and examining it in a polarisation microscope with crossed nicols. 
Each sample was exainined in this way before further optical examination 
and only those pieces, which remained dark in all positions with crossed 
nicols, were selected. 


Analysis of the Samples.—A weighed amount of the anhydrous sample 
was taken in a weighed platinum crucible, treated repeatedly with a mixtuie 
of hydrofluoric and sulphuric acids (both of Merck's reagent quality) and 
was first evaporated on asbestos to drive off boron trifluoride and then 
strongly ignited over Mecker burner ; the residue was cooled in a desiccator 
and weighed as alkali sulphate. In this way, the amount of alkali chloride 
was calculated and by subtracting this weight from the original weight of 
the glass, the proportion of boric oxide was determined. 


Density Determination —It is well known that density of solids cannot 
be determined with the same degree of accuracy as inthe case of liquids. 
Different investigators have tried to determine the density of solids by the 
pyknometer method using liquids of high density as thallium ethylate, solu- 
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tion of doiible Yodide of mercur y-and potassium, methylene iodide, ace 
tetrabrotitide, - ‘various borotungstate solutions; etc. ' ; . 
“ln Day and ae (J. Amer. Cheni. Soc., 1906, 8, 37) using a pyknometér 
of about 25 6c: capacity | containing 5-10 g. of solid substance obtained’ 
sitisfactory results, ‘the error not’ ‘éxceeding oné unit in ‘the fourth" decimal 
place. But the method has fot provéd satisfactory in thé’ case ‘df ‘smaller 


Particles and was thereforé modified - - by - ‘Johnston and ‘Adams -(J.- Aner.’ 


Chem. Soc.; 2 1912, 34, 566). , The pyknomieter’ method thus- require “$pécial- 


"widUification ‘for determining crystal densities. “ Lord Berkeley: at J. Chem? 


v 


Soc., Yor 94; 56) ‘obtained gat tisfactory results’ ‘by using carbon tetrachioride 
as the imthersion liquid _Baxtér and Wallace (J. Amer. Chem. Soc. a "1916; 
38, ‘259) used toluene é as the floatatioi medium but the method did not give 
reproducible results, the error being iti the region of 5%. ves 

Tle“technique of the floatation method was first developed - Reétger 
= bhysikal. Chem., 1889, 8, 289)-and tater by Wulff and ‘Heigl (Z. physi® 

| Chem. ., 193%, 183A, 187). The floatation method ‘is in general 
superior to the immersion imethod for determination of crystal den®ities: 
The method is worked on the principle that a solid will only just float at 
all poirits of a liqtid only if it has the sanie density as the liquid itself. The 
rauge of densities covered by this method depends on the densities of ligitids 
available as standard iiquids. Acetylene tetrabromide and methylene iddide 
are patticularly suitable for use as the heavy liquids and benzene or toluene, 
carefully dehydrated, may be used as the light standard liquid. Methylene 
iodide has an approximate density of 3°5 and by diluting it with benzene 
the density of the mixture tay be reduced to o’9. Acetylene tetrabromide, 
which has a density of about 2°96, can also be conveniently used for density 
determinations. The method is quite accurate if the temperature of the 
liquid mixture is carefully controlled. The chief error of the method lies in 
the adherence of a thin layer of air to the surface of the sample. Asa 
result of this, when a powder consisting of simall particles is used, at a 
certain point some particles will be found to1ise and others to fall at the 
same time. But in spite of this error, dénsity determined by the floatation 
method is correct up to 5 in the fourth place of decimals. A simplified 
method analogous to that used by Wulff and Heigl] (loc. cit.) has been used 
in this investigation. 

- In the present investigation, acetylene tetrabromide (nieren), redistilled 
under reduced pressure and redistilled toluene, previously dried over metallic 
sodium, have~ been used as the heavier and lighter liquid respectively. A 
JargeAveighing bottle A (100 c.c.) -fitted- with a specially made ground glass 
stopper was suspended in a transparent thermostat maintained at 35° £05, 
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The stopper has thiee openiugs, a, for introducing the lighter liquid, b, for. 
introducing a current of air unde: pressure and c,,for forcing the liquid into 
the pyknometer. The end of the tube c is fitted by ground glass joint into 
one of the side-tubes of a specially made pyknometer (capacity about 24 c.c.). 
The pyknometer had two glass stop-cocks, which were made air-tight by using 


the minimum amount of a paste of.dextrin in glycerine, which had heen - 


found to be best suited for the purpose. The actual procedure including 
removal of excess of liquid sticking to the inside of open -tubes above the 
stop-cocks’is very important for the purpose 6f “getting reproducible results. 
After cleaning the pyknometer in the usual way, it was dried by suction 

and the minimum quantity of white vaseline was used in the stop- cocks ; any 


excess of it, outside the stop-cocks and within the protruding fete, was | 


carefully wiped off repeatedly with clean linen and rolled filter paper. It 
was then weighed einpty using a dummy counterpoise of approximately the 
same shape and size to correct for buoyancy and moisture. Both the pykuo- 
meter and the dummy were left in the balance for a sufficiently long time to 
ensure [ull deposition of moisture under the conditions. The pyknometer 
was then filled with distilled water, placed in the thermostat and a similar 
procedure was followed before weighing. As the liquids used in the, method 
dissolved vaseline, the dextrine paste in glycerine was used instead and, the 
weight of the empty pyknometer determined again in a similar manner. 


' Fic. 1. 
‘ Suspension vessel and pyknonieter. 





t 


About so c.c. of acetylene tetrabromide were taken in vessel A (Fig. 1), 
placed in the thermostat and a piece of tested glass previously treated “was 
dropped into it. The latter usually floated up on account of its‘lower density. 
Purified toluene was now gradually introduced through the opening a; drop 
by drop and the solution stirred by bubbling dry air through b. In this way 


a point was reached at which the particle remained suspended within the 


mixture in any position. "The method is quite sensitive and one or two drops 


: 
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of either liquid reverses the course of the particle, the exact point being 
determined by adding forwards and backwards several tines until the 
desired. point was reached. ‘The ground end of the pyknometer tube was 
next joined to the end of the side-tube, c, of the suspension vessel. Both the 
stop-cocks of the pyknometer were then opened, the side-tube, a, closed and 
air was blown through b, until the pyknometer was filled. ‘The connection 
-with the side-tube was next broken and the pyknometer allowed to remain 
in the thermostat for some more time. ~The usual precautions were taken 
‘before weighing the pyknometer. Two independent measurements were 
made with each sample and the mean value of density taken. 

Determination of the Refractive Index.—The refractive index determina- 
tion of crystals and small pieces of glass is a matter of considerable difficulty. 
The Pulfrich refractometer, which is excellently suited for liquids, can be 
used with transparent solids, if the latter is carefully ground so as to give it 
the shape of a right-angled prism. It was then placed directly on top of the 
prism of the instrument and the measurement is carried out in the same way 
as in the case of a liquid. As boric oxide is hygroscopic even in the solidi- 
fied state of glass, although much less than in the non-fused solid state, this 
method could not be employed. It is also difficult to realise experimentally 
optically piane ground surfaces. Another method, the best so far proposed, 
is due to Wulff and Heigl (Joc. cit.). According to this method a fine pencil 
of homogeneous light is made to undergo interference through a fine slit. 
One part of the interferred ray passes through the solid suspended in a liquid 
and the other part through the suspension medium, which is contained in a 
glass trough provided with plane parallel sides. In consequence of differ- 


_ ence in refractivity of the solid and the liquid, the interference bands which 


are observed through a telescope on the other side are bent. Two liquids are 


_ chosen, one having a slightly higher and the other a slightly lower refractive 


index than the solid and the composition of the suspending medium gradu- 
ally changed until the interference bands become again straight. At this 
point the liquid mixture and the solid have the same refractivity. ~ With a‘ 
specially constructed refractometer, the refractive index of the former is 
measured from above. - In the present investigation the refractive index of 
the glasses have been measured by the Becke method. A source of error 
which could not'unfortunately be eliminated lay in the fact that the density 
determinations were carried out at 35°, whereas the refractive indices were 
determined at the room temperature. Properly speaking a correction factor 
has to be applied for difference of temperature. As is well known, however, 
the temperature coefficient of refractive index issmaller than the experi- 
mental error of the method and for comparative results the error will not be 


+ 
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appreciable. ‘The Becke method is based on the principle of total reflection 
of light passing from a denser to a rarer medium when the incidence is out- 
side the critical angle. The method was first used for crystals by Schréder 
von der Kolk (“Kurze Anbietung zur mikroskopischen Kristallbestimmung’’, 
Wiesbaden, 1898). It consists in making the refractive. index of a liquid 
mixture agree as far as possible with that of a fragment of. a crystal im- 
mersed in it by altering its composition and then determining the refractive 
index of the mixture by the usual method. Small fragments of the glass 
were placed in a trough mounted on a slide and covered with one of two 
selected liquids. It follows from optical considerations that if on raising 
the eye-piece of the microscope after focussing the object, the bright lines of 
contact tend to go out of the solid , then the liquid has a higher refractivity 
than the solid. On the other hand, if on raising the eye-piece, the lines of 
contact appear to converge within the solid, the reverse is the case. Drops 
of the second liquid were then added to the first and the object viewed in a 
dark room illuminated by sodium light. In this way two liquid mixtures 
were obtained for the same sample of glass, one possessing a slightly higher 
and the other a slightly lower refractive index than the sample. These 
mixtures were then examined in an ordinary Pulfrich refractometer in 
sodium light and the mean of the two values taken. Usually the variation 


Tass I. 
System :1,iCl—B,O, System :RbCI—B,03. 
LiCl - Density. no RbCI. Density. Np. 
14°35% 1'9586 14515 28'96% 2°T445 1°4657 
20°43 2°0052 1°4495 38 20 2'2226 1°4523 
25°79 20392 1°4480 45°74 22664 1°4374 
System : CsCl—BOx. 47 13, 2 2762 1°4342 
CsCl. Density. no, 52°12 2 3425 14313 
44 07% 2°4683 1.5234 
52°72 2 6534 1°540r ‘ 
System “NaCl ~B303. 
57 48 2°7725 1°5525 Se 
System :KCl—B,03. NaCl Density. “ty 
KCl. Density. No. 30 63% 2 0327 1 4684 
25 32% 2'044r 1'4843_ 35°64 2°0385 14630 
48°86 2 0524 1°4665 38 07 2 0422 1 4585 
56°31 " 2°0§36 1 4584 47°92 - 2.0556 I 4470 - 


68 64 2°T045 1°4542 
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was in the fourth place of decimals, which for solids may be regarded as 
satisfactory. ‘The following liquids were used for the purpose : toluene, 
carbon tetrachloride and purified- kerosene oil Before proceeding with any 
piece it was tested in the polarisation microscope to see wh@her it was doubly 
diffracting or notand only those pieces were taken which were optically 
isotropic. . . 

In the following tables the values of 1xc) and hence Rx for the :lkali 
chloride are calculated ftom the mixture law; the respective values of R at 
infinite dilution in aqueous solution and in crystal are shown in the last 
column. The value of r for B,O; is taken as o°151 (Wulff and Majumdar, 
loc. cit.). 


TABLE IT. 
System : LiCl—B,O,. 

LICL ray (exp). Fzjqy{eale.). Ry, ¢)'calc.). Rag. Reryst, 
14°35 % 0°1375 070571 2°42 8°76 7°59 
20°43 0°1339 0°0675 2°86 Fajans, Kohner and Geffcken 

: (Z. Elektrochem., 1925. 
25-79 0°1313 00748 3°97 84, 2). 
Tasix III. 
System : NaCl—B,O3. 

NaCh ty (CXP-). Tracy (calc). — Ryagy (eale.). Root Repyet, 
30°63% 0°1369 O°IO51 614 9°27 8°52 
35°64 O°1351 o°1064 6'a1 Fajane, Kohner and Geffcken 

{loc cit). 

3807 | 0°1337 a’ 1060 6 22 

47°92 0°1300 0°1072 6°26 
TasLe IV. 
~ System : KCI—B,Os. 

KCL Tintx, (€XP.). Eq (cale.). Rxoy{ealc.). Ryo, Reryet, 
25°32% 0°1399 0°I074 841 11°31 10°833 
48 86 © 1349 O'II40 852 Wulff and Schaller (loc, cit.). 
56°31 0°1309 o*r154 8°6x ‘ ; 
68 64 071275 o'r168 8°72 

TABLE V. 
System : RbCI—B,Os. 

RbCh ory texP). — rppqr(cale.). —- - Rayoy (cale.). Ryo, Rrayst. 

" 28'96% © 1288 0°0743 -8°98 12°84 14°55 ~« 
38°20 O'1215 0°0740 8°96 Wulff and Schaller (loc. cit} 
45°74 «OTIS 7 0°0739 894 
47°33 o°1146 0 0738 8°93 
52°r2 o'I106 00736 8°90 


2—1427P—6 
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ee Taste VIL, 
fu, % ae a Yee * 
ras 2 e : Systtin® 'CsCl—B,03. BASED oes oe 6G Be 
é Ate ’ ees tier oe eee . aes ~ e 
- CsCl. Tmiz(CEP.)- Wades (cate). Ries (cale . Re | Reryst, 
44°07% 0°5239 0°0897 15°10 15°69 15°30° .. 
“st 737 ~ O° 783 o°0o89t * ~~ F5"do Whiff and Heigl (loc. crt. 
eee) PO FE as ing Wr ke Hy) Pe i? 238 . 

; "57 “f o°153 ‘070890 14°99 


DIiISsScUSSION. 


It is interesting to discuss how far the mole refraction of alkali chlorides 
in solid solution in a medium of high viscosity like B,Os, calculated from the 
additivity formula, on the assumption that the mole refraction of the solvent 
remains constant, tally with those found for infinite dilution in aqueots 
solution on the one hand and the value in crystals of the pure salts on the 
other. ‘The value of R in the crystal is in every case, as may be easily ex- 
pected, less than that in aqueous solution at infinite dilution for obvious 
effects of deformation in the closely packed solid state. It would also be 
interesting to discuss the variation of Rxci in solid solution with concentra- 
tion and to compare it with the corresponding ,aqueous solution. It should 
be observed, however, that the errors involved in refractive index determina- 
tion in ou1 case are relatively large compared with the methods followed by 
the workers of the Fajans school and therefore no great claim is made about 
the absolute values of R. ‘They can, however, be safely utilised for com- 
parative purposes and are not to be confused with Standard values. 

It is to be expected from the Fajans theory that smaller the cation, for 
the same valency the greater will beits deforming action on a particular 
anion with consequent lowering in the value of R for the salt. I,iCl should 
therefore show the largest amount of divergence between Rso1 and Rerys., the 
respective values being 8°76 and 7'59c.c. What strikes us, however, is its 
extremely low value in solid solution, varying between 2°52 and 3°17 c.c. for 
the concentration range investigated. ‘Such wide departure from the value 
in the crystal state and in solution in water may only be attributed to parti- 
cularly strong deformation. This will not be explained by change of 
dielectric constant alone, although it undoubtedly plays an. important role, 
as inthe sane medium CsCl shows but little divergence—a fact which can 
be easily explained on the basis of the Fajans theory. Hence the dielectric 
constant factor isnot alone sufficient to explain the abnormal lowering in 
the value of mole refraction in the case of LiCl. It is, however, surprising 
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Yay 


that the value can be lowered from 7°52 c.c. in the case of the crystal to 


‘2°42 Uc. in-solid solution. Thé concentration effect -of LiCl ‘it’ aquequs 


solution has not been unfortunately thoroughly studied i in the past aliliough 
the'chahe of R'for LiClO, ‘fot different coudéntrations ig available (Geficken, 
a Phystkal. ‘Chem., 1920, 5B. in “The ‘value of -R’ in this’ case in- 
Greases With coréerttration, ‘Which is'also. ~found- to be the | case with Lith in 
the. presetit ‘case. wel i wer OM ini bona ete. wees 
In the case of NaCl, the divergence of R-fonr Raye = ciated although 
wotso great as'in tharcase of LiCh.:.The maximumi:vattie’ 6°26 e.c.uin our 
zeasd maybe compagred.awiths8'5:0-c. for the pure crystalyt:-.c Iori, 
.. YFhermalue of Riyhowever, inereases:instead! bf decreasing with concentra- 
tion as in the case of the aqueous solution, although’ !the increase is less 
‘marked than. in the: case-of the previous.galt. ,The same phengmenon is 
noticed. in jhe,case of KCI, in which case -also,,-R shows slight increase with 
concentration., Brit in both the caseg.the tespectie hae of R ae decidedly 
smaller ‘than Resyst, Be cag See op RSORE so Totes + edo 
In the cas¢ of, RCI, : the varjation - of Ronith. ‘ eraventratian ‘is much 
smaller and the order follows | that for aqueous solution, although the indivi- 
dual values still show some amount of divefgence. ° 
--it» pe most interesting’ case is that.of Cs€1:,;,Flore although concentration 
has slight lowering effect asin the case of the aqueous solution but; the 
values ¢ do > not markedly Miffer from that of, Ray. The: minimpm value in 
Mur case i is found to. be 14’99 as ‘against 15°20. c.c... for crystal, ,j thie Js a 
striking confirmation, of the Fajans’ rule even in solid solution. ts 
The dielectric constant of BOs glass according to Thomas; G. Pig. 
Chem., 1931, 36, 2109) has a value 3°5. The different alkali borates have 
values lying between 6°44 and 7°50 (Landolt Bornstejn ‘Tabellen, i623; IT, 
1033), compared with water these values are remarkably sinall, It may be ex- 
pected therefore that lower dielectric constant of the medium will cause a 
closer approach of the constituent ions of the crystal in solid solution causing a 
strong deformation. This would be a purely electrostatic effect. This effect 
will be more or less identical with different polar crystals of the type XCl in 
the same medium if dielectric constant alone were the deciding factor. The 
fact that LiClis most strongly and CsCl very feebly deformed in the same 
medium Jends strong support to the view that the small cation having a 
large surface density of charge strongly polarises the anion, while the com- 
paratively large cation with a smaller surface density of charge brings about 
but little polarisation of the anion. Wulff and Majumdar (loc. cit. ) investi- 
gating the system xNa,O, yB,O; arrived at a similar conclusion that 
Na,B,O; in solid solution in B,O, is very strongly deformed and the deform- 


x 
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ation produced is of a much higher order than in the crystal or in aqueous 
solution. 

This means that LiCl exists in all probability in the associated (as 
opposed to ionised) state in solid solution of glass. Thee co-valent nature 
of the binding force progressively changes into electrovalent until CsCl is 
reached, in which even in the glass state, the constituents are most likely in 
the same condition as in the crystal. 


The reason why the slope of the concentration-mole refraction curves 
show an opposite sign to those in the case of corresponding aqueous solutions 
may be expiained as due to the mutual effect of the constituent ions of the 
electrolyte on the solvent medium. ' ‘ 


Hence it can be asserted that the view point of Biltz that in every case 
the mole refraction of the constituents persists as additive functions when 
they go to form a glass system is untenable. This is only true in case of 
polar crystals having a comparatively large cation. Moreover, the polarising 
power of the cation for a particular anion follows the inequality : 


Li>Na>K> Rb>Cs, 


and this is fully consistent with the postulates of Fajans theory of deforma- 
tion. - 

‘The lattice distances of the alkali halides in the same solvent have been 
‘ineasured by the Debye-Scherer method and certain interesting departures 
have been observed. ‘This will form the subject matter of a future com- 
munication, 
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PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART V. | 
THE SOLVENT - SOLUTE RELATIONSHIP OF RESINS 
IN MIXED SOLVENTS. 


. By Santr Ranjan PArir. 

It has been fonud that if a resin is dissolved in a non-solvent by addition of a 
solubiliser, which itself may or may riot be a solvent for the resin, the proportion sof 
the soulubiliser necessary to confer coinplete solubility is the less, the higher the propor- 
tion of resin to the non-solvent. ‘This is supposed to be true for all lyophilic solutes. 
On nltimate analysis it transpires that the above behaviour of resins has some 
similarity with lignids in their bebaviour towards organic solvents. The solubility curves 
are of the limited miscibility type for liqnids but are highly unsymmetrical, and it is 
suggested that this is an intrinsic property of resins in particular and lyophilic solutes 
in general, and is caused by the.capacity of resin molecules for immense solvation. 

' The concept of solubility as developed in the case of ordinary solutes 
is dificult of application to resins due to their peculiar behaviour towards 
solvents. Ifa purified resin is soluble in a solvent, say, rosin in alcohol 
of benzene, it is generally found to be soluble in that solvent in all propor- 
tions producing fromm jelly-like consistency to thin fluids depending on the 
concentration of the’resin. This bare fact itself makes the idea of solubility 
and saturation superfluous. On the other hand, if a pure resin is found 
to be insoluble in a particular solvent, for example, pure shellac resin in 
benzene, or say, ester gum in alcohol, the maximum amount dissolved 
by the’-solvent’is very small from about 1% down to practically’ zero 
coriceittation ; of course, the resin genetally swells or gels in contact 
with’ the’ ion- solyent. Intermediate values of solubility of pure resin 
produtiing true saturation eguilibrium are, however, very seldom met with. 
The ‘enquiry naturally suggests itself about the cause of the existence of 
only such extrenie sorubilities. : 

The author has conceived the idea that in suitable mixtures oft 
solvent and a non-sulvent or of two nou-solvents having good solvent power, 
imeasurements of solubility might be possible and the results niay’ throw 
light on the fundamental question of solvent-solute relationship for resins 
in particular and lyophilic solutes in general. The present paper describes 
the..results of such investigations which bring forth very clearly the dis- 
tinctive nature of resins in their role as solutes. 


EXPERIMENTAL, 

The study has firstly been made with a mixture of acetone and glycol, 
which is an excellent solvent for shellac, whereas the components are 
individually non-solvents. After some trials in different ways, the following 
method has been found suitable and has been used for the purpose. 
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In a number of stoppered sample tubes (4! x §") definite quantities of 
dry linely powdered shellac "were taken. To each ‘were™ added front’ micro- 
burettes,” calculated volumes (about 5 "c. ) of say; acetone, to bring the 
relative proportion of shellac to‘acetone to the same value in each of the 
tubes. Measured volumes--of- glycol. were then added ;to each tube from 
microburettes go that its proportion varied by small steps (0°5% or less) 
fromy'tube-:to tube The tubes were regularly shaken m a thermostat 
(assjur “It: wds -observed fhat-up to a- particular percentage of “glycol; 
coniplete ‘ dissdlution ‘of shellac took--place, wheteas the contents of those’ 
tubes, which weré Weaker ° in glycol, remained non- homogeneotis’ ‘even . on 
keeping indefinitely’ Similar experiments were also ‘conducted, ‘with 
different ratios of shellac, fo, glycol by adding -small quantities of- acetone 
in small-steps,tor-fd out the solubility limit. - Tat we are dealing with 
a real equilibrium has been, tested and proved as follows. Any. mixture, 
which just , fails to produce complete solutions is made homogeneous by 
slight rise of temperature. On being «replaced in the thermostat, .. non: 
homogeneity inyariably appears in a short time, showing, that a homogeneous 
phase, is .not possible under the given conditions., . These experiment 
yield data-on the ininimum proportion of one of the, solvents necessary. to 
cot onfer solubility to definite ratios of shellac to the other solvent,,.,: a 
; .In the graph, 1 ‘the line of- gelation is also given which divides the gel 
region from the fluid region. The points on, this line of, gelation haye 
been experimentally determined as follows, _Gelation temperatures (as 
near. as possible to 25°) were measured for, two different concentrations of 
shellac in the same solvent mixture. ,. The,. gelation. concentration; at.,25/ 
was found out by graphical extrapolation or interpolation.of the straight ling 
obtained | by joining these two - points. That, Such extrapolations pare 
permitted over shiall range thas been shown by the author‘in a gelation study 
of such systeins (Part VI, p. 266). ae ; _ 

The experimentally ‘obtained results are: given in, Table i, and have 
‘been plotted gu a three- -componeut, ‘triangular diagram (Fig.- 1). 
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. In the diagram, the blank portions indicate compete solubility, the lightly. 
shaded portions'{parallel’broken lines) gels, and the deeply shaded portions 
(crossed: -lines)”-non-homogenedus ‘ mixtures The- variation ‘of solubility 
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Mutual solubility relationship of shellac, acetone and ethyleneglycol 


with composition of solvent is worth noticing. Taking this definite case, 
the amount of glycol necessary to make a homogeneous phase depends 
on the ratio of shellac to acetone and rapidly falls as the proportion of shellac 
increases. For example, for a 1:19 ratio of shellac to glycol, 164% of 
acetone are necessary, whereas, for a 1:2 ratio of the same, 6°5% acetone of 


7. "2 — i —., Tasix I. 

Shellac: iyeal Methy] acetate Shellac : methyl “Glycol for 

iby we . : for solubilisation, - acetate (hy wt ). * ., solubilisation. 
5S TTS. 5195 3 29°6% 
' {to 790 He 8 160 10 :90 . 2 RB Te 
» 3 'a6B0 mr5 ‘ , 20 :80 . vt asg 

jo :70 84 30:70 - ygie ts * 

40 :60 ; 50 ‘ 49 :60 z 19°5 - 


50°'50 16°8 


256 - S. R. PALIT 


the total weight are required for complete solubility... This is also conversely 
true, i.e., for the amount-of acetone necessary for making homogeneous 
any ratio-of shellac to glycol, This tendency has already been observed to 
exist with water as ‘solubiliser’ for dissolving shellac in acetone (Palit, 
]. Indian Chem. Soc., 1940, 17, 303). a 

If any substance (solute) is insoluble in any solvent, A, and if it can be 
made soluble by adding a second solvent B, the solvent B will be referred to 
in this paper either as solubiliser in conformity with our previous practice, or 
‘solutizer,’ aterm used in petroleum technology in a similar sense (Chem. 
Met. Eng., 1940, 46, 776) irrespective of whether B itself is a solvent for the 
solute or not. 


Fic, 2. 


4 
Melhyl Acatate 





Mntual solubility relationship of shellac, methy] acetate and ethyleneg] col. 


Complete solubility diagram for another similar system, shellac in 
ylycol-methyl acetate, has also been experimentally obtained. ‘The experi- 
ments are comparatively easy and the data more accurate for this system, 
since it behaves in a peculiar way particularly at somewhat lower concer- 
trations of shellac. On addition of shellac to a homogeneous mixture of 
methyl acetate and glycol, two immiscible liquid layers separate, the upper 
one being a solution of methyl acetate and glycol with a trace of shellac, 
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while the lower layer is a solution of all-the three components. As the 
proportion of the solubiliser is increased, the upper layer decreases ‘in voluine 
until at a definite concentration it just vanishes. - The data are presented 
in Table IJ and are graphically represented in Fig. 2.. The general trend 
referred to is alse very marked here ; for example, for a 1:19 ratio of shellac 
to glycol, methyl acetate necessary is 17°7%, whereas for a 1:15 ratio of 
shellac to glycol, only 5% of methyl acetate suffice for complete solu- 
bilisation. . Oe ee 
This same trend of the necessary proportion of the ‘solutize:’ to 
decrease steadily with increasing proportion of the solute, has been observed 
to be existing even when the solubiliser itself is a solvent so far as shellac- 
acetone solubilised by alcohol is concerned. The data for this system are 
presented in Table HI and are graphically represented in Fig. ai . 


Tapix III. - 
Shellac: acetone... we 5 295 10:90 20 ‘80 30 370 40 .60 
Alcohol for solubilisation (%) 12% (O'6 5'8 23 v7 


The existence of this tendency is evident from the graph. 


It should be pointed out that this behaviour would cease to exist 


Fic. 3. 
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Shellac” = ae fe 8S so £ : go Acetone. 
- Mutual solubility ipelas onsliap. at suellad acetoné ‘and aleohor. 
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for small concentrations of the solute, since the solubility curve should never’ 
meet the line, AC, as the solvents A and C are miscible in all -proportions. 
The solubility lines should run very close to the line, AC, to meet the 
corresponding points, A, and C, (not shown in Fig. 3), which lie very close 
to A and C, and respectively represent the very smalfsolubilities -of the 
resin in the pure solvents. Hence the above mentioned trend would cease 
to exist and in fact, would reverse from some rather low concentration of 
the resin. ‘Though this behaviour is not observable for shellac in the above 
curves, this is noticeable in the curves for ester gum in alcohol-toluene 
or benzene mixtures (Fig. 4). 


Ester gum is the comniercial name of the glycerol estér of rosin, which 
latter consists mainly of abietic acid (CyoHao0O. of M. W. 302). The gum 
(low acid value type) was purified by two extractions each time by 
keeping in contact with twice its own weight of alcohol for 24 hours with 
occasional kneading of the insoluble gummy mass. The gum was then dried 
in a vaccttm oven at 70°, powdered and stored in vacuum desiccators. 


FIG. 4. 
A 
Toluene (0) 
: Benzene (x) 





ce 
&ster Gum 20 £0 60 8e Alcohol. 


Solnbility curves of ester gum in benzene (or tolnene)-alcohol mixture 
The uppermost curve (points indicated by crosses) refers fo benzene- 
alcohol and fhe next lowe: to tolnene-alcohol mixture; the lowest 
curve refers to that of unpurified ester gum in toluene-alcohol mixture.) 
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Three solubility curves at 30° are shown in Fig. 4-‘A’ for .benzene- 
alcohol mixture (indicated by crosses), ‘B’ for toluene-alcohol mixture 
and ‘C’ for the unpurified resin in toulene-alcohol mixture (the lowest curve, 
points indicated by circles), ‘The points -on the graph were ex- 
perimentally determined not by the laborious method described for shellac, 
but by the less accurate precipitation method. ‘The nature of the solubility 
curves is similar to the foregoing though the fall is rather steady and slow 
except in curve C. Also, the initial rise, which should be existing according 
to theory, 1s expe1imentally realisable and plainly observable in all the 
curves here. 

The above mentioned: behaviour appears a priori to be an intrinsic 
property for all highly lyophilic solute mixtures, and may be concisely 
expressed as follows :— 

The amount of solubilise: which ts qust necessary for a lyophilic solute 
io make it completely soluble in uny non-solvent (i.e., to produce a three 
conponenl homogeneous system) decreases steadily with increase in the 
ratio of the lyophilic solute to the non-solvent after an initial steep rise 
at very low values of this ratio. This behaviour will be referred to later 
as the rule of resinous (or lyophilic) solubility. 

Qualitative evidence for this rule of resinous solubility is perhaps 
experienced in any process of dissolving aresin in a mixture of two non- 
solvents, a striking case met with by the author is that of the synthetic resin, 
glyptal (low molecular weight type) which dissolves completely in a mixture 
of two non-solvents, n-butyl acetate and ethyl alcohol. The resin is soluble 
from about 15:85 to 65:35 alcohol-butyl acetate mixtures. It is observed 
that at any of these extreme compositions, if the solutions are strongly turbid 
due to the presence of insoluble resin, perfectly clear solutions can be produced 
by adding more resin. There is no doubt that these are cases of true 
equilibria since the turbid solutions are found to clarify on warming and 
again become turbid on cooling. 

The rule of resinous solubility, as recorded in the paper, may be roughly 
explained if an assumption of strong solvation is made, different chemical 
groups being attracted to different parts of the molecule. We need further 
assume that the solvation of any part of the shellac molecule by any solu- 
biliser molecule is a dynamic equilibrium, as pictured by Langmuir for 
adsorption of gases on surfaces of metals. When the proportion of shellac 
increases, the requisite proportion of the ‘solubiliser will be necessarily 
reduced, since the same solubiliser molecuie due to a closer proximity of 
the solute molecules may do the duty for a number of them by fixing itself 
successively to each of them in such a small interval of time that the big 
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solute molecules have hardly time to unite to form flocks for piecipitation. 
‘The reduction of the necessary soivation area by reversible association of 
the resin molecules to form not too large micelles, may be another contri- 
buting factor. 


DISCUSSION. 


‘The soiubility curves for resins as presented above differ in some 
essential and fundamental respects from those for ordinary solid solutes. 
The curves for ordinary solutes in a mixture of two liquids may be of 
varied types and sometimes may show binodal behaviour (Taylor, ‘‘Physical 
Chenmistry’’, Vol. I, p. 580). But whatever be the type of the cuive, it 
always implies that at any particular composition’ of the solvent mixture, 
there is a maximum proportion of the solid which it can dissolve and beyond 
which it cannot. , 


FIG. 5. 





Typical solubility curve of aresin in a solvent-latent solvent mixture. 


On the other hand, from the diagram (Fig. 5), which represents a 
typical case of a resin satisfying the rule of lyophilic solubility, it is evident 
that for all mixtures of the solvents from pure A to a composition represent- 
ed by the point, D. the resin is completely soluble in it in all proportions. 
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For all compositions between C and D, the resin is completely soluble only 

“if it is present above a certain concentration. Thus, for example, for the 
solvent mixture, X, the resin must be present in a concentration higher 
than Y to form a homogeneous solution; if the concentration of the resiu 
falls below Y, an insoluble phase will separate. Hence, we come to the 
fundamentally reverse fact that it is sometimes possible for a resin to be 
soluble in a solvent mixture, either to produce from cent per cent to zero 
per.cent resin concentration or from cent per cent to a ininimum value 
below which its concentration can never be reduced. 


-These solubility curves lead to another interesting conclusion. Suppose 
a solution of the composition, K, is prepared by dissolvine sufficient 
quantity of the resin in the solvent mixture, X, and the solution is diluted 
by adding the same solvent mixture; precipitation of the resin’ shou'd occur, 
since the line KX passes through the non-homogeneous region. It often 
happens that a resin may contain more than one compouent, or some 
impurities, one of which by itself may be capable of prcducing this type 
of solubility curve with a solvent, thus giving rise to such complicatcd 
solubility phenomena. Numerous examples may be cited. Commercial 
ester gum contains the resenes (hydrocarbons) as well as free abietic acid 
originatly present in the rosin from which it is made. Hence, it is generally 
found to be perfectly soluble in alcohol in the ratio of about 55:45 or higher 
to produce a rather mobile solution, but this solution on dilution with 
alcoho! separates a curdy white coagulum. ‘The resene is here playing its 
role as the solubiliser for the true ester gum (abietic triglyceride) in alcohol. 
If, however, the hydrocarbon and other impurities are removed by repeated 
extraction with large volumes of alcohol, no such thing happens. Inci- 
dentally, this is the reason of the great difference between the solubility 
curves (Fig. 4, curves B and C) of the purified and the commercial ester 
gum in alcohol-toluene mixture. Kauri gum is another example. It is 
found completely soluble in ethyl acetate in the proportion 1 g.: 1'4 c.c,, 
but the solution, on dilution with the same solvent, throws out a shining 
white coagulum, which on further washing with ethyl acetate becomes 
practically insoluble in it, and no longer shows such behaviour (for further 
examples of anomalous solubility and discussions vide Palit, J. Indian Chem. 
Soc., 1940, 17, 308; Lange, ‘Handbook of Chemistry,” 1937, p. 1035). 


\ . © y 
Comparison of feces with Liquids. 


Unlike crystalline solutes, liguidg have got some degrec of resemblance 
with 1esinsin their behaviour towards golvents, the most striking of which 
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are -—(i) separation into two liquid layers, (ii) mutual solubility phenomena, 
and (ii) similarity of solubility curves in mixed solvents. 

(i) It frequently happens that if a small quantity of.a resin be added tz 
a solvent mixture, separation into two mobile liquid phases occurs. Two 
most striking cases observed by the author are shellac in methyl acetate- 
glycol and purified ester gum in xylene-alcohol mixture. The most con- 
venient proportion for such observations at 25° is 30:70 glycol-methyl 
acetate to which 1s added shellac to about 15% of the total weight 
and 60:40 alcohol-xylene to which is added purified ester gum to abotit 
30% of the total weight. This has apparently some similarity with 
adding, say, benzene or cyclohexane to a mixture of alcohol and water, 
when at some stage two liquid layers will separate. But unlike liquids, 
the two liquid Jayers tend to merge into one with higher concentration 
of the resin, often with the formation of a clear gel. 


(i) The equilibrium between a swelled resin and the swelling liquid 
is often regarded as fof the mutual solubility type, as observed with 
ether-water. Bronsted and Volqvartz support this view from a study 
the behaviour of ‘ eucolloidal -polystyrenes against pure solvents and solvent 
mixtures (Trans. Faraday Soc., 1939, 88, 576; 1940, 36, 619). 

More definite proof, however, is available from a study of the precipita- 
tion temperature of resin solutions. Since the question of precipitation 
of resin is intimately bound with that of gelation, we shall present the 
results at length in our subsequent study on gelation of resins. A typical 
curve is, however, reproduced in Fig. 6, which is sufficient to prove our 
thesis. These were obtained by cooling resin solutions of definite concen- 
trations and noting the temperature at which turbidity or haziness first 
appears. By suitable ‘choice of solvent, the precipitation curve can be 
followed toa concentration of about 40% of resin without interference 
due to gelation, One striking and unexpected similarity with liquids 
is that except at very low concentration of the resin, this temperature of 
precipitation can be determined like liquids with precision and reproduci 
bility since they are quite reversible and show no lag. This itself is a 
typical liquid-like behaviour since all solids show mote or less a tendency 
towards supersaturation. ‘The most notable feature of the curves is that 
the precipitation temperature, after perhaps an initial steep rise, falls steadily 
with increase in proportion of the resin ; in other words, we have to cool 
a 20% resin solution more than a 10% resin solution in order to produce 
precipitation. This is exactly the reverse of what would happen for all 
typical solids and has similarity with partially miscible liquid pairs like 


ether-water, phenol-water etc. In one characteristic feature, these curves 
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derivatives in various solvents (Berl and Koef-ber, J. Amer. Chem. Soc., 
1930, 64, 154). It has, however, not been su‘spected that they are behaving 
like liquid pairs of limited miscibility. : 

The existing data are too scanty be examine how far this behaviour 
is typical of ail Jyophilic solutés. Larson,ind Greenberg,* however, recorded 
an observation with gelatine in glacia” acetic acid (J. Amer. Chem. Soc., 
1933, 68, 2798) which clearly points fo this type of mutual solubi ity. 
They observed that gelatine is soluble in glacial acetic acid only above a 
particular concentration, and non-homogeneity appears if the concentration 
of gelatine falls below this. The precipitation curve given by them have 
a striking resemblance with our precipitation curve (Fig. 6)° and the 
observations become immediately understandable if the system is supposed 
to be of this type of lyophilic mutual solubility with highly unsymmetrical 
solubility curve. 

Mardles’ data (Alexander ‘‘ Colloid Chemistry”’, Vol. IV, p. 95) on the 
precipitation temperature of cellulose acetate in benzyl alcohol and benzyl 
acetate only partially corroborate our view point as he finds that ‘For 
very dilute sols the temperature (of precipitation) rises with concentration, 
but eventually remains nearly the saine over a wide range of concentration 
(beginning at about 2 to 5% as appears from his data) and then falls with 
further increase’’. It is, however, doubtful if with the old type high viscosity 
cellulose compounds, true equilibrium can ever be obtained. The author’s 
experiments with low viscosity ethyi cellulose are interesting as it has been 
observed that similar to resins, higher concentrated solutions have lower 
precipitation temperatures, whicb are far widely separated, to be explicable 
from any other cause. ‘Thus, the observed precipitation temperatures of 
1%, 3% and 5% solutions in a 10:90 mixture of cyclohexanol-cyclohexane 
are 25°5°, 17°0° dnd 125° respectively which are reproducible to at 
least 1°. - : 

(iii) The solubility curves of resins in a mixture of two liquids as 
observed in Fig 1 to Fig. 4 differ from similar curves for three liquids, 
for example, benzene, alcohol and water, in the aspect that for the iatter 
the tips of thé solubility curves are somewhere midway between the two 
sides and not very close to one side as in the case of resins. - In Fig. 7, 
a number of such solubility curves are given, where curve I is the 
solubility curve of benzene (B) in a mixture of alcohol (solvent, A) and 
water (non-solvent, C). All these curves should necessarily show a 
maximum, since the solvents A and C are miscible in all proportions, but 
the maxima, D, generally lie midway between the sides, AB and AC and 
not close to AC as in the case of resins, We may hence, plainly state that 
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Precipitation curve of shellac. 


for resins are differentiated from the latter types; unlike the latter, the 
curves are highly unsymmetrical, the tip of the curve being very close 
to the side opposite to that of the pure resin. Expressed explicitly resins 
in thein behaviour towards organic solvents behave like a partially 
miscible liquid pair with respect to upper critical solution temperature, 
which occurs with rather low concentration of the resin, thus giving the 
curve a highly unsymmetrical shape. It is noteworthy that the view, 
that resins as vitreous bodies are supeicooled liquids, is substantiated by 
a study of their solutions. _ eX 


The observation of the existence of a lower critical solution temperature 
for a resin-solvent system will be nothing unexpected as some molecular 
colloids are known to exhibit such behaviour. Thus, nitrocellulose has 
been found to be soluble in alcohol at liquid air temperature but not at 
ordinary temperature (McBain, Harvey and Smity, J. Phys. Chem., 1926, 
80, 347), methylcellulose in water at.lower temperature. but not at higher 
(Heymann, Trans. Faraday Soc., 1935, 31, 846), and some cellulose 
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Fic. 7. 
A 





Solubility diagram of ternary liquid mixtures. 


resins have a close similarity with liquids, with the distinction that due to 
some inherent characteristic, the maximum point D lies close to the side, 
AC i.e., they behave like liquids with highly lunsymmetrical solubiltty 
curve. This inherent nature is most probably constituted by the capacity 
of the resin molecules for immense solvation. 


The same remark is also applicable 1m a compatison of the case of a 
resin dissolving in a mixture of two non-solvents with that of a liquid 
of, limited miscibility with it except that here we have to deal with two 
binodal curves instead of a single curve. This definitely shows how the 
resins are basically differentiated in their behaviour from solids and liquids 
with some qualitative resemblance with the letter. 
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PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART VI. 
ON THE RELATIONSHIP BETWEEN PRECIPITATION 
AND GELATION OF RESINS. 


By Santr RANJAN Parit. 


Precipitation and gelation curves of de-waxed shellac in a solvent mixture of acetone 
containing 10% by weight of glycol were determined with a view to elucidating the me- 
chanism of the formation of varnish films in which gel-formation plays an important 
role. 

Tt isan established fact that a sol formsa thermo-reversible gel on 
cooling, only when the concentration of the lyophilic solute is above a 
minimum (Freundlich, “ Colloid and Capillaty Chemistry’’, 1926, p, 700; 
Mardles, Trans. Faraday Soc , 1923, 19, 118). If the concentration of the 
solute is below this minimum, precipitation of a portion of the dispersed 
phase occurs. The gelation temperature (:.e. sol-gel transformation point) 
versus concentration curves have been deter:ined for many lyophilic subs- 
tances, but it has so far not been possible to deterinine their precipitation 
curve (which is of course identically the same as the solubility curve) below 
minimum gelation concentration. This lack of data is ascribed to two’ 
reasons. Firstly, the minimum gelation concentration is very small for 
imost substances and hence investigation into this region is very difficult. 
Secondly, even if it were possible toinvestigate such low conceutrations, 
which will necessarily have inconveniently low precipitation temperatures, 
reliable data would hardly be obtained due to supercooling, interferences 
from the colloidal nature of the solute and other disturbing factors. 

Natural resins and synthetic resins of low molecular weight do not, 
offer any of the above difficulties. Their minimum gelation concentra- 
tions generally lie between 25 and 44% concentration of the resin and 
secondly, their precipitation temperature can be determined with great 
accuracy, since a number of them have been ‘observed (Palit,’ J. Indian 
Chem. Soc., 1942: 19, 253) to behave in solution more like partially 
miscible binary or ternary systems than like ordinary solid solutes: Hence, 
here is a chance of determining the precipitation and the gelation curve of the 
same substance in the same solvent, and the present communication describes 
results of investigations with this object in view. “Although the results ob. 
tained-are of a preliminary nature, they are considered sufficiently important 
to be worthy of record at this initial stage, since the results can throw much 
light on some vexed questions about gelation. ‘T’he work is, however, being 
followed up to elucidate the mechanism of varnish film formation during 
which ‘gel formation plays an important role. Sat 

As the resin, shellac has been chosen for study. ‘The proper choice of 
solvents is an essential pre-requisite to success in such experiments. For 
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‘example, if alcohol is used for such determination with shellac, the gelation 
‘and precipitation temperatures are too low at small concentrations to be 
ce : experimentally determined. 


Fic. 12" : All ordinary. common 
27% , "solvents for shellac were 
: ? found to be too good sol- 
vents to be employed in 
such experiments. Hence, 
the author has been forced 
to.use a mixture of sol- 
. vents, which would give 
We -“ My 35. = precipitation_and gelation 

Ha? in the easily measurable 
region of temperature scale. 
Of course, there is ab 
solutely no reason, why 
such a suitable resin-pure 
solvent system should not 
exist, but failing to dis 
cover such a type of com- 
bination as meets oyr re- 
quirement, the author has 
resorted to the next best, 
i.e.a suitable mixture of 
solvents. The experi- 

maaan mental results are shown 

Intersection point of the curves represents ted graphically i in Fig. I. 

The experiments have been conducted with de-waxed shellac as the 
Tesin, “and acetone containing 10% by weight of glycol as the solvent 
mixture. This composition of the solvent mixture bas been chosen after 
much preliminary experiments with various combinations, since this com- 
pésition produces precipitation and gelation i in a very conveniently. workable 
temperature range. ‘The precipitation and gelation points. have been deter- 
mined by very simple methods of gradually cooling the solutions contained 
in thin«tést tubes. Precipitation point is determined by noting the tem- 
‘perature ‘at which opalescence starts. The temperature at which, in-about 
“ro -minutes, the liquid ceases to flow on inversion of the test tube is taken as 
the gelation point. 


Before discussing about athe curves, it should hie mentioned, as explained 
in a previous paper (Palit, loc. cit.), that the precipitation temperature can be | 


Precipitation temperature. 
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determined very precisely to an accuracy of o'1°, more precisely towards the 
rapidly falling portion of the curve BC (cutve cn the left), The gelation tem- 
perature can be reproduced to ay accuracy of o'2, and the difference between 
gelation temperature and the melting point of the gel, unlike all other jellies, 
is very siall, seldom exceeding 0'4°. A telieving feature ef these experiments 
is that the gelation temperature is free from any appreciable lag. t.c., it is 
practically independent of the rate of cooling. The data for very low 
concentrations of shellac (portion AB) are much less, accurate than indicated 
above due to-the difficulty of noting the exact beginning of precipitation, 
aud due toa comparative lack of the high degree of reversibility which 
exists for higher concentrations (portion BC). 

The curves ACD are self-explanatory: the portion AC is the precipita- 
tion curve, whereas CD (curvé on the right) is the gelationcurve. ‘The most 
chatacteristic -and unexpected feature of the precipitation curve is that leav- 
ing out a stnall initial portion of the curve, the solutions become thermally 
stabler, the higher the concentration of the solute; in other words, a solution 
which coutains 30% shellac requires more cooling for precipitation than a 
solution of 20% streugth. The gelation curve, however, has the usual feature 
of having a higher gelation temperature for higher concentration of slrellac. 
‘The dotted portions are actually realisable by suitable adjustments of éxperi- 
tmeutal conditions, as is to be shortly explained. ‘The first unstable point, 
(indicated by dotted circlés) as occurring with at 32°5% shellac solution, 
indicates that if such a solution 1s slowly cooled below 10°4°, the whole 
thing becomes turbid due to precipitation of a new phase. But, if, on the 
other hand, it is very rapidly cooled below 9°, aslightly hazy elastic gel 
forms, which slowly becomes turbid due to precipitation of the resin. ‘The 
first distinctly visible insoluble mass separates in about 5 to 10 minutes. 
‘The next unstable point corresponding to a cenceritration of 35% shellac is 
of a slightly different significance. On cooling sucha solution it becomes 
an elastic non-flowing gélat 11°2°. On further cooling, nothing happens 
until the temperature goes below 9'6°, when tlie gel becomes turbid due to 
copious precipitation. In fact, the gel was kept for 5 hours between g'8° and 
zo° without the slightest opalescence occurring, whereas at 9°2° copious 
precipitation occurred in 15 minutes. The third and the other unstable 
points have similar significance, except that it takes more timé for precipita- 
tion to start as the solution gets more and moré coiicentrated. Fora 50% 
solution, gelation occurs at 25°2°, whereas precipitation could not be indticed 
on keeping at o° for 24 hours, thotgh thé extrapolated precipitation tem- 
perature from the curve would be at about 2°. , 

The outstanding feature of the ‘curves is that they divide the whole 
region into four parts and clearly sets forth the condition under which 
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a gel should be stable or unstable. But whateve1 may be the type of 
gel, the results.clearly establish that the precipitation curve is quite 
distinct and separate from the gelation curve. It has been upheld in some 
quarters (Von Weimarn, Alexander’s ‘‘ Colloid Chemistiy,’? Vol.I, p. 81; 

loyd,. ibid, p.777; Weimarn and Hagiwara, Koll.-Chem. Beih., 1927, 28, 
400) that gelation is a limiting case of precipitation and Bradford (Bsochem. 
J., 1918, 12, 351; 1920, 14, 29,74) goes so far as to suppose that the 
‘precipitate is crystalline. If it is so, the precipitation curveand gelation 
curve should be a continuation of each other, The results obtained in 
these.experiments not only “dlgcredit such a theory, but explicitly show 
that a resin gel does not differ from the solutiou, from which- it 1s 
derived by cooling, in so far as its property to precipitate a new phase is con- 
cerned, since both are given by the same precipitation curve. We have 
shown in a previous publication (Palit, loc. cit.), that a resin-solvent system 
isa mutual true solution, which is undoubtedly non-colloidail at least when 
dilute and hence, a resin gel is to be regarded as a mutual true, solution of 
the resin and the solvent which bas attained such a high viscosity as to Jose 
its property to flow. That during transition from a viscous sol to an elastic 
gel, no abrupt change in properties occur (Laing and McBain, J. Chem. Soc., 
1920, 117, 1506; Brouse, Ind. Eng. Chem., 1929, 21, 242) is also known 
for soap and casein, 


In the case-of resin pels, we have thus been forced to depart from the 
usually accepted diphasic structure of gels. Of course, Procter, Katz and 
others, .long ago, were inclined to view the piotein gels as homogeneous 

_ systems (Procter, J. Chem. Soc., 1914, 108, 313 ; Procter and Wilson, ibid., 
1916, 109, 307; Katz, Koll.-Chem. Beih.. 1917, 9,1; Trans. Faraday-Soc., 
1933, 29, 279), and Fischer (Fischer and Hooker, ‘‘Lyophilic Colloids’, 1933, 
p. 3; Kolloid Z., 1930, 61, 39) in a series of papers attempted to bring 
forward evidences for his theory of ‘inverse solution’ for gels. It should 
be noted that these resin solulions and also many other systems aie tiue 
molecular solutions and they are capable of forming reversible optically 
clear gels. Before advancing a colloidal theory for such gels, it is yet to 
be proved that reversible micellar aggregation takes place. On the othcr 
hand, unless the present state of knowledge on solvation (for a disctission 
vide Heymann, Trans. Faraduy Soc., 1935, 81, 846; 1938, 34, 689) is 
improved, it is useless to attempt to show how such immobilisation can 
be effected by solvation alone. 

We have now to explain why shellac gels are so reversible in character, 
whilst most lyophilic gels show pronounced lag and hysterisis. ‘Thus the 
setling and inelting points of an agar gel may differ by as much as 60°, while 
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a difference of 5° or 10° is very common.: This difference in character 

is manifest even in the viscosity behaviour of these gels. Whereas a shellac 
gel regains its original viscosity on melting within the short time by which 
temperature equilibrium is established (Palit, J. Indian Chem. Soc., 1940, 

17, 308), most lyophilic gels show considerable hysterisis. « The: explanation 

certainly lies in the nature of solvation of the unit in solution. Itds probable 
that solvation,-itself is reversible for shellac ,due to its-small molecule of 

rather not complicated shape being the ultimate “unit- in solution, while for’ 
the lyophilic. colloids, the ultimate unit being either the micelle or the mole- 
cule of giant size, the adsorption of solvent is much less reversible. This can 

be more easily understood when it is recognised, as pointed-out by Ostwald 
(K ollold Z., 1928, 48, 248) and by Haller (ibid., 1929, 49, 47; 1931, 86,257), 

that solvent molecules may remain held .up even in absence of adsorption 

forces, in the various pockets and channels formed inside the micelle o1 

inside the too big molecule due to its peculiar geometrical shape. 

The-data being very meagre, to explore further the various ‘dheeretical 
possibilities and inferences will be immature until further work is ‘done .n 
this feld. Sucha work is in progiess. It may be pointed out here how this 
curve affords explanation of some observations with gels. In -attempting to 
apply these results to other systems, we have to note that the solubilit y 
curve for other substances need not be of the shape observed for shellac 
aud may not have the same degree of reversibilitty, whereas the gelation 
Jine will be more or less of this type for most substances except perhaps the 
inverse gel-forming ones (e.g. methylcellulose in water), Various possibi- 
lities may then occur for the ways in which the precipitation curve and the 
gelation curve would intersect each other giving rise to various types of 
peculiar phenomena. The more the solubility line tends to assume the usual. 
shape, the mote the region of unstable gelation would expand, aud at times, 
this may come down to oidinary temperature. Thisis perhaps the reason’ 
why transparent gcls of many substances, e g., dibenzoyl /-cystine, barium. 
malonate, salts of organic acids, etc. have so strong tendency to sepaiate 
amorphous or crystalline precipitate on keeping. 
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STUDIES IN THE DISSOLUTION OF SOAPS IN. 
MIXED SOLVENTS. : 


By Sant RANJAN PALit. 


Alkali metal salts of long-chain fatty acids show prononneed enhanced solvency in a 
mixture of solvents composed: of a polyhydric alcohol, a monohydric alcohol or/and a 
hydrocarbon or a chlorinated hydrocarbon. Solubility data in varions such binary mix- 
tures have been presented, and a discussion of their -relative solvent powers has been 
made. 

An explanation of such mix-solvency based on solvation of the different parts of the 
molecule throngh Van der Waals’ forces and hydrogen bridge formation has been offered. 
Experimental evidences tp support this theory have been presented. 

‘The necessary conditions for a solvent or mixture to be powerful for soap dissolution 
has becn fourid ont to be the presence of two adjacent hydroxy! groups and a hydrocarbon 
dissolving portion. 


. It has often been observed that a mixture of two non-solvents has a 
strong dissolving power fora substance, whereas the individual solvents 
are practically non-solvents for the same. Asan abbreviation of this type 
ef ‘enhanced solvency in a mixture of solvents of very poor individual 
solvent power’ we shall hereafter use the term ‘mix-solvency’ and such 
«mixtures of complementary solvents as ‘mix-solvents’. 

The solutes, with which such mix-solvency occurs, generaily belong 
to the class of compounds of high molecular weight e.g. proteins, cellulose 
derivatives, resins etc., the most well known example being that of nitro- 
cellulose dissolving in a mixture of alcohol and ether to form the familiar 
‘collodion’. Mardles (J. Chem. Soc., 1924, 128, 2244) has listed some 
typical examples and Sutermeister (Sutermeister and Browne, ‘‘ Casein and 
its Industrial Applications’, 1939, 2nd Ed., p. 73) illustrates this with 
casein. Mellan (‘‘ Industrial Solvents’’, 1939) records a good many 
examples of mix-solvency with various resins and cellulose derivatives ; 
Meyer (vide Discussions on Staudinger’s paper, Faraday Society Discussion 
on Polymerisation and Condensation, 1935, p. 334) also mentions a case of 
mix-solvency with rubber in so far that the portion of rubber insoluble in 
benzene can be made soluble by the addition of a small quantity of butyl 
alcohol. A few stnking cases of mix-solvency with pure resin of shellac 
by the author have been observed (J. Indtan Chem. Soc., 1940,17, 300). 

- The theory of the process of mix-solvency is, however, little under- 
stood though various explanations have been offered from’ time to 
time based on the assumption of dissociation of the solvent (cf. Byron 
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J. Phys. Chem., 1926, 80, 1116), association of the solvent (cf. Barr and 
Bircumshaw, Trans. Faraday Soc., 1921, 18, 99), polar and non-polar adsorp- 
tion (cf. Esseln, Ind. Eng. Chem., 1920, 12, 801 ; Bogue,‘ Theory and 
Applications of Colloidal Behaviour ’’, 1924, p. 645; Highfield, Trans. 
Faraday Soc., 1926, 22, 37), solvation of varied groups (cf. McBain 
Harvey and Smith, J. Phys. Chem., 1926, 80, 239, 312; Mardles J. Soc. 
Chem. Ind., 1923, 42, 1277, 2077), etc. It appears, however, that so far 
all studies in mix-solvency have been mostly qualitative in character .and 
have been necessarily limited to amorphous, ill-defined or giant molecular 
compounds and a great advance of knowledge is expected if quantitative 
mix-solvency studies could be made with well defined chemical compounds 
of comparatively low molecular weight. Since such dissolutions are 
generally associated with swelling, solvation, gel-formation, etc., such a 
study will be of paramount importance towards a general understanding 
of the relationship between the lyophilic solutes and their solvents. ‘The 
author’s finding (Palit, Current Sct., 1941, 10, 436) that alkali metal soaps 
show pronounced mix-solvency in suitable mixtures, has made such a study 
possible and the present paper records the first portion of the results obtained 
in this connection.. 7 

The author has observed that A-G-H mixtures (alcohol-glycol-hydro- 
carbon) are very powerful mix-solvents for alkali metal salts of long-chain 
fatty acids (sodium stearate, potassium palmitate, sodium oleate etc.), and 
A-G mixtures (alcohol-glycol) also exhibit this effect to a considerable 
extent. Quantitative data for such solubilities in mix-solvents will be 
presented herein and atheory of the process of mix-dissolution of soaps 
will be developed. Besides the evident theoretical interest, this study 
promises to be of great importance and usefulness in all industries which 
employ soap in organic solvents, and a discussion of these industrial aspects 
will. form a separate communication. 

EXPERIMENTAL. 


Sodium stearate has been chosen as the representative member .of soaps 
for study, a Merck’s powdered pure variety, dried at 105-110° for four 
hours prigr to use, being employed. The solvents aie from various sources 
as recorded in the following list :—methyl alcohol (Merck’s absolute, acetone 
free), ethyl alcohql (Merck's absolute), n-propyl alcohol (Schering- 
Kahlbaum), tsopropyl alcohol (Alembic, India, puie), n-butyl alcohol 
(Merck, purified), isobutyl alcohol (B.D.H., Lab. reagent), isoamyl alcohol 
(Schering-Kahlbaum), acetone (Merck’s analytical reagent), chloroform 
(Hopkin and Willjams, Analar),, ethylenegiycol (B.D.H. and Merck), 
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propyleneglycol (supplied by Griffin and Tatlock), diethyleneglycol (Boake 
Roberts & Co.), trimethyleneglycol (B.D.H. Lab. reagent), glycerol (Merck, . 
bidistilled), a-chlorobydrin and f-chlorohydrin (B.D.H.). All the solvents 
in the above list appearing before ethyleneglycol, except the ‘analytical 
reagents’, were properly dried with freshly ignited Merck’s pure calcium 
oxide and fractionated before use. The glycols were all twice distilled and 
the fraction boiling within two degree range in the second distillation 
collected. The chlorohydrins were distilled under vacuum and the products 
were quite neutral. , ; 

For solubility determinations, 2 g. of the stearate were taken in small 
stoppered conical flasks and were treated with 10 to 15 g. of the solvent 
mixture, delivered separately from microburettes correct to o'o2c¢.c. from 
calculations of their densities. In experiments using glyceroi, the pro- 
portions of the solvents were ascertained by actual weighing. The whole 
was left overnight to swell in an air thermostat (at approx. 25°) and 
placed next day in a thermostat (25°+ 02°) for minimum four hours with 
periodic shaking. ‘The contents were then poured into a fritted glass 
crucible filter in an air thermostat at 25° and pressure applied from above 
through a tightly fitted rubber stopper by compréssed air, The whole 
filtration process took 20 to 40 seconds. The filtrate was collected 
in a solubility bottle placed in an almost closed space, saturated with the 
vapour of the volatile solvent, and after weighing was analysed for sodium 
stearate as follows. : 

o’2N-Alcoholic hydrochloric acid (10-20 c.c.) was added to the soap 
solution and then ro c.c. of ‘analytical reagent’ chloroforin to prevent the 
formation of fine colloidal dispersion of stearic acid during subsequent 
dilution with water. About 250 c.c. of water were slowly added when a 
heavy chloroform layer separated. ‘The clear supernatant liquid and three 
washings of the chloroform Jayer, each time with about 30 c.c. water, were 
collected through a rapid filter paper and the filtrate was titrated against 
o'2N-KOH. The method has been tested and found to give reproducible 
results with known weights (0'5-1'0g.) of pure sodium stearate’ to an 
accuracy of about 2%. Of course, when the amount of sodium stearate in 
solution is small, the accuracy is comparatively small, since the method 
employs the differenee between two titrations. The values of solubility 
thus obtained, in the case of pure alcohols, have checked well in all cases 
with the values obtained by a direct evaporation to dryness of known weights 
of alcoholic solutions. 

Since these experiments are mainly designed to demonstrate in a 
quasi-quantitative and not too precise manner, the prcfound mix-solvency 
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with soaps, the order of accuracy attained in the present method seems 
sufficient for the purpose. ‘The results have been expressed in weights of 
‘sodium stearate dissolved per roo g. of the solvent. If o'r c.c. is the 
accuracy in the differential titration, and since 8 g. of filtrate are generally 
used for analysis, the accuracy in the final result comes to.0'07%, i.e. better 
than one in the first place of decimal. The accuracy could obviously be 
improved by using larger volumes of solvents but the war-time economy 
and restricted availability of solvents have stood against such a procedure. 
Another source of error is constituted by the re:snoval of some solvents from 
the liquid phase through adsorption by the insoluble excess solid. This, 
perhaps, does not vitiate the result too much and can be counteracted by 
using just the least excess of the solid solute. 


7 


RESULTS. 


The values of solubilities of sodium stearate in alcohol-ethyleneglycol 
mixtures are summarised in Table I and graphically represented in Fig. 1. 
The curves strikingly show the effect of mixtures in bringing about the 
dissolution ; for example, while pure buty] alcohol dissolves 0°4%, and pure 
ethyleneglycol 1°3%, a mixture of them in the proportion 45:55 dissolves 
about 9% sodium stearate. 


Tare I. 
Solubility of sodium stearate at 25°. 


Solubility (g,/100 g. solvent) in mixtures of glycol arid 


Glycol : alcohol MeOH. KtOH. n-PrOH. {soPrOH. -BuOH. ssoBuOH. isoAmOH, 
(by weight). ~ : 


0:I00 3°12 0°58 0°86 1'57 0°40 0'22 0°84 
- TO 190° _— 1°39 — _ _—. — | _—. 
20 :80! 426 — ' 408 — 2°69 3°86 3°09 5°49 
30:70 = 3°10 — _ ot, See Tos 
40 60, a7 3°85 587 «3%5 737,857 884. 
50:50 4°59 43 618 388 + B69 . 765 9°87 
60 *40 4°37 459 665 391 8 73 79P 10°06"! 
70:30 3°79 «4°23 S73 7°86 7°40, 8°92 
80 20 3°16 3°53 4°90 3°09 6°30 6°02 : ; 692 
90 :10 — 254 = = — e one ie teas 


{OO :0 1°36 1°36 1°36 1°36 1°36 1°36 3°36 


¥ 
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‘The chief feature of these curves is that all the curves show maximutu, 
both sides of the maximum being more or less convex towards the horizontai 
axis, and in most cases the convexity of the right-hand side (i.e. nearer 
glycol) is more than that of the left-hand side. With the exception of 
methyl alcohol, all the imaxima are in the region of 55 to 60% weight of 
ethyleneglycol. ‘These values of maximum mix-solubility (S) are sum: 
marised in column 2 of Table II, and the optimum compositions, f.e: 
producing maximum solubility, appear in column 3 of the saine table. 
It is evident from Tabfe II and curves, that this maximum value of solubility 
for any combination of alcohol and glycol increases with increase in 
molecular weight of the alcohol used. Methyl alcohol is, of course, an 
exception to the above general trend, which may not be regarded as quite 
unexpected in view of its being the first member of a homologous series. 


1a 


10 


Solubility (g./100g. solvent). 





Os 20 40 60 80 100 
% Glycol. 


In order to compare the efficiencies of different mix-solvents, the ordinate 
of the maximum point cannot suffice, since it bears no relationship with the 
nature of the whole curve and the solubilities in individual solvents. Hence, 
a new term, the mix-solvency factor is introduced. ‘This is defined as the 
ratio of the total area under the curve to the area under the straight line 
obtained by joining the two points representing the solubilities in the pure 
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solvents; in other words, it is the ratio of the average solubility over the 
whole mix-solvency curve to the mean value of the solubilites in the 
individual pure solvents. ‘Ihe calculated values of average solubility and 
mix-solvency factor for these different combinations are given in columns 
4 and 6 respectively of Table I]. * 


Tasie IL. 


Mix-solvency factor of glycol-alcohol mixtures. 


Composition of Max. solu- Opt. comp. Solubility Mix-solvency 
mix-solvents, | bility (S) Glycol: Average (s). Mean factor 
‘ alcohol’ nee i 
Smet f=—— 
2 Sm 
Ethylene- 472 40:60 3°75 2°24 1°67 
glycol : MeOH . 
»  +ethyl alcohol. 4°62 60:40 3°00 0°97 3°09 
» } Mepropyl ,, 6°27 55:45 4°37 LIL 3°94 
» it bsopropyl ,, 3°95 57343 2°95 1°46 2°02 
» Mbatyl ,, 8°94 55:45 5°48 0°88 6°23 
»  ttsobntyl ,, 7°95 58:42 4°94 0°79 6°25 
» tésoamyl |, 10°20 56:44 6°52 110 5°93 
Diethylene- 4°77 52:48 317 0'75 4°23 
glycol : n-butyl ,, 
Propylene- > 4°85 62:38 3°32 1°34 2°48 
glycol : » ce 
Trimethylene- 7 1°16 50:50 0°88 0'54 1°63 
glycol : 3 
Glycerol : is 7 11°42 50.44 711 0°35 20°3 


Before discussing mix-solvency, a very peculiar fact about the solubility 
of sodium stearate in pure alcohols may be pointed out. ‘The value of 
sodium stearate increases and decreases alternately from member to member 
of the homologous series of alcohols up to amyl alcohol. ‘The alcohols 
with an odd number of carbon atoms show much higher values of solubility 
than their neighbouring alcohols with an even number of carbon atoms. 
Thus, in methyl, propyl and amy! alcohols, due perhaps to some steric 
factor, the even-numbered miembers are unable to solvate. the soap — 
molecule as efficiently as the odd-numbered ones. In this connectioun,it 1s 
relevant to point out (cf. Bhatnagar and Prasad, Kolioid’Z., 1924, 34, 194) 
that the electrical conductivities of stearates, palmitates ‘and oleates of 
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sodium and potassiuin in propyl alcohol at equivalent dilution are much 
higher than the values in ethyl! and butyl alcohol. Fischer (Koll.-Chem. 
Beih., 1922, 18, 1 ff), however, found that with the exception of methy] alcohol, 
the gel-forming capacities of different ‘alcohols for. the same soap vary 
reguiarly from member to member of a homologous series. This may be 
taken as indicative of the fact that the factors which bring about gelation 
are not probably the same as those responsible for dissolution, a conclusion 
same as that reached by the author (forthcoming publication) from 
gelation studies of resins. 

It should be kept in view when studying Table IJ that the 
values of maximum mix-solubilitiy (S) and average inix-solubility (s) are 
much less liable to experimental error than the value of mix-solvency factor, 
(f), since the latter is a ratio, the denominator of which is comparatively 
sinall and subject to a large percentage error. Therefore, in comparing 
efficiencies between two mixtures of nearly equal mix-solvency factor, we 
shall consider S and s values rather than the factor, f, as indicative of their 
solvent power. A study of Table II leads to the following conclusions about 
mix-solyency. The power of producing mix-solvency effect increases with 
increase in molecular weight of the alcohol. For the same series of alcohol, 
the primary alcohol is far more powerful than the secondary one (compare 
data for propyl and isopropy! alcohols) and for the same primary alcohols, 
the straight-chained one is more powerful than the branch-chained ones 
(compare values of S and s for n-butyl and isobutyl alcohols). A striking 
and unexpected fact is that for the same glycol and different alcohols, tlie 
compositions of the solvent, which produce inaximuim solubility, are 
approximately at the same weight per cent of glycol, whereas for the same 
alcohol and different glycols, the maximum points do not crowd together 
so closely. ‘These curves also furnish evidence against the assumption 
sometimes put forward without adequate experimental support that the 
optimum solvent composition, which is here the same as the compostion 
producing maximum solubility, cont&ins a definite simple molecular ratio 
of the two latent solvents. The optimum compositions, however, for all 
combinations containing glycol and alcohol (except n-butyl alcohol-diethylene- 
glycol) contain an excess of glycol by weight. 

We have observed the variation of mix-solvency for the same glycol 
and different alcohols, It is of interest to study mix-solvency for the 
same alcohol and different glycols. In Table III are collected such solu- 
bility values, using #-butyl alcohol and four different glycols, ethylene, 
propylene, diethylene and trimethylene glycols and also glycerol; data on 
mix-solvency factor, etc. for these combinations are summarised in Table IT. 
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Since glycerol, and probably any polyhydric alcohol resemble glycol iri 
producing inix-solvency, the remarks made about glycols in this paper should 
be taken as applicable also to glycerol. In order to facilitate later discussions, 


the structures of the different glycols are also shown below. 


CH,0H CH;°CH’OH via CH,OH 
O 
' CH,OH CH,OH \cH,'CH,OH 
Ethyleneglycol. Propyleneglycol. Diethyleneglycol. 
-(I) (II) (III) 
fo CH,0H 
CH; eo 
CH,0H CH,0OH 
Trimethyleneglycol. Glycerol 
(IV) (Vv) 
‘TasLe III. 


Solubility of sodium stearale in u-butyl alcohol-glycol at 25°. 


Solubility (g./100 g,) in mixture of 1i-butyl alcohol and 


n-Butyl alcohol 


rglycol Ethylene. Propylene- Diethylene- ‘Trimethylene- _ Glycciol. 

{by wt). glycol. glycol. glycol. glycol. 

100: 0 0°40 o"40 OAs 0°40 o*40 
80 : 20 3°86 2°08 : 2°66 0°76 5°51 
70 +30 oa 3°11 = _ —_ 
60 : 40 737 3°96 4°32 1'09 9°83 
50: 50 8°69 4°59 4°75 — 11°06 
40 : 60 8°73 4 84 4°66 1°08 1125 
go: 70 786 4°67 4°20 _ ae 
20 1 80 6°30 44 3°29 o'89 778 
0: 100 1°36 2°29 I'lo 0°69 © 30 
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The mix-solvency clurves (Fig. 2) are of the same general shape as the 
previous ones. In mixture with n-butyl alcohol, glycerol is the most 
powerful among this lot, considered from all aspects of mix-solvency. Of 
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course, it is not certain, if the same order of efficiencies will be maintained 
with respect to any other alcohol. Among the glycols, ethyleneglycol is 
‘the: most powerful latent solvent, both with respect to the values of 
maximum mix-solubility (s) and the mix-solvency factor (f). Propylene- 
glycol comes next, followed closely by diethyleneglycol with respect to the 
maximum (S) and average (s) mix-solubility, whereas the order is reversed 
with respect to the mix-solvency factor. ‘Trimethyleneglycol produces 
very little perceptible mix-solvency. This fact is noteworthy showing 
the striking difference in mix-solvency effect between the two isomers, 
trimethyleneglycol (IV) and propyleneglycol (II), the two differing only 
in the relative position of the hydroxyl groups. Hence, a proximity of the 
two hydroxyl groups is indicated to be necessary, 
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It is felt desirable to discuss this process of mix-solvency in the 
light of current ideas. The picture to follow is based on the ideas and 
considerations of various authors (McBain, loc. cit.; Whitby, Colloid 
Symposium Monograph, 1926, 4, 203 ; Meyer and Mark, “Der Anfleau der 
hochpolymeren organischen Naturstoffe’’, 1930, Chap. X; Ber., 1931, 64B, 
2913) about the process of dissolution of high polymers and solvated 
solutes. Every portion of a lyophilic molecule requires solvation by 
suitable chemical groups present in the ‘solvent so that the surface of the 
solute and the solvent may be homologous. Hence the more a lyophilic 
solute comprises of varied groups, the more is there chance of its 
exhibiting mix-solvency. The solvation is primarily a dynamic one as 
pictured by Langmuir, t.e., the solvating group strikes ‘the surface of the 
big solute molecule, remains hooked there for a small interval of time 
either by Van der Waals’ cohesive forces or by hydrogen bond (Lassettre, 
Chem. Rev., 1937, 20, 259: Pauling, ‘‘ The Nature of the Chemical 
Bond’’, 1940, p. 284) and then flies off. Before the group, thus left 
unsolvated, has time to unite with similar others for precipitation, another 
molecule of solvent strikes and solvates it. Meyer and Mark (loc. cit.) 
point out that dissolution takes place irrespective of the molecular weight 
of the solute only when the molecules have a stronger attachment for 
all portions of the high polymer than the portions themselves have 
for each other. Eirich (Annual Report for the Progress of Physics, 
1940, 7, 329) also adopts a similar picture for the process of swelling 
and dissolution of high polymers. In solution practically negligibie portion 
of the molecules may be present as complex molecules or micelles by mutual 
solvation, but the author believes on various evidences (Palit, J. Indian 
Chem. Soc., 1940, 17, 537) that the main portion remains, not as micelles, 
put as Inghly solvated single molecules. - 

In this process of specific solvation, roles of the glycol and the 
alcohols are not weil defined. The addition of hydrocarbons like benzene, 
ciclohexane, etc. has been shown to augment this mix-solvency distinctly. 
“Glycol probably solvates the carboxyl portion and if it is assumed that 
the sodium ion is attached to the oxygen by electrostatic attraction only, it 
becomes easy to visualise that glycol solvates this part of the molecule by 
hydrogen bond as shown below. 
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The role of alcohol is possibly to solubilise the remaining hydrocarbon 
chain of the soap molecule, for which it has rather a low solvent power, 
as shown by the poor solubility of stearic acid in ethyl alcohol (about 2 
per r00 parts at 20°). The resulting solvency becomes high only when 
the hydrocarbon “portion of the alcohol covers a coisiderable portion of 
the molecule. This explains the increase in molecular weight with increase 
of mix-solvency. It is not clear, however, why two separate alcohol 
molecules cannot function in the same way as a single glycol molecule. 
Perhaps, the two alcohol molecules cannot provide sufficient cover for the 
ionically bound sodium atom, while one glycol molecule effectively does. 


The powerful mix-solvency of A-G-H mixture can be explained as 
due to the solvation of the hydrocarbon portion of the soap by a powerful 
solvent, say, benzene. The role of alcohol in A-G-H mixtures then becomes 
a minor one and consists of simply constituting a common solvent fo: the 
immiscible pair, glycol and benzene. It is now apparent why most ordinary 
organic solvents have very small dissolving power for soap. ‘These solvents 
can hardly provide sitnultaneously both types of solvation necessary for the 
process. Table IV gives an idea of the strikingly small solubilities of 
soaps in common organic solvents. 


The proper test of the theory developed above would be to find out a 
glycol and a hydrocarbon type solvent which are mutually soluble and to see 
if they possess power of mix-solvency for soap. A search through literature 
(Lawrie, ‘‘ Glycerol and the Glycols’’, 1928, p. 375) shows that this is 
possible not with the simplest glycol but with its higher homologues or 
polyglycols, such as propyleneglyco] and diethyleneglycol, which though 
immiscible with benzene is miscible with powerful Hydrorarben: solvents like 
‘chloroform, ethylene dichloride, etc. 


An immediate appeal to experiment testified to the correctness of our 
theory and not only chloroform, but a host of other halogenated hydrocarbons, 
e.g. ethylene dichloride, dichloroethylene, trichloroethylene, tetrachloro- 
ethane, etc., exhibited pronounced mix-solvency in combination with these 
glycols. We shall term such compositions comprising of a polyhydric alcohol 
and a hydrocarbon or a chlorinated hydrocarbon as G-H mixtures. Thus, 
‘mix-solvency for alkali metal soap is shown by A-G, G-H or A-G-H mixture 
but not to any considerable extent by A-H mixtures. 

The solubility data for chloroform-diethyleneglycol or propyleneglycol 
are given in Table V and represented graphically in Fig. 3. Since acetone 
has some Solvency for hydrogatbons, it is expected according to our views to 
exhibit mix-solvency for soap in combination with ethyleneglycol. This 
expectation has’been experimentally fulfilled (Fig. 3; Table V). The curves 


6—1427P—6 . 


982, S. R. PALIT 


TABLE IV. 


Solubility of soaps in common organic solvents.. 


“Scap. Solvent. 
Potassium stearate Ethy! lacohol 
Sodium stéarate Do 
Potassium palmitate 95% Alcohol 
Sodium palmitate isoPropyl alcohol 

” Glycerol 
” Diethyleneglycol 


Lithium palmitate Itthy1 alcohol 


e ye ee 
Lithium stearate 


” 


”» ” 


Lithium palmitate 


Methyl alcohol 
” Acetone 
Lithium stearate Ether 
ss Methyl acetate 
» Acetone 
Ammonium stearate Ether 
Ammonium palmitate Ether 
os Acetone 
” Alcohol 
‘Potassium oleate Alcohol 


® Quoted by Lederer, ‘‘ Kollordchemie der Seife,’’ 1932, pp. 219-222, 


Temp. 


10 
10° 


22 


50 

50° 
50° 
18° 


o 


25 


18° 
25 
25 
25° 
15'8° 
25° 

25° 
15° 


13 
13 


Io 


18° 


Solubility. 


0°432 g./1oog. 


0°200 
1°430 

ca. 0°5% 
ca ro 
ca. 15 
0°079/100 cc. 
0 095 

0 041 
0°053 
0771 % 
0" 508 
o'O1r 
0°439 
0°706 


+ Jamieson, ‘‘ Vegetable Fats and Oils'’, 1932, p. 290. 


+ Laing, J. Chem. Soc., 1918, 118, 435. 


Observer. 


| Chevrenl* 
Frenndlich* 


Vold, Legett 
and 
McRain® 


Partheil and 
- Ferie! 


Quoted by 
Jamieson |} 


Laingt 


strikingly show the effect of mixing a hydrocarbon with a glycol. It is 
further to be noticed that the maximum solubility for diethyleneglycol— 
éhloroform occurs at about 30% weight of chloroform in the solvent, whereas 
for propyleneglycol-chloroform it occurs at about 42% weight of chloroform. 
A calculation from molecular weights shows that these two maxima neither 
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occur at any simple molecular ratio of the solvents, nor are at equal mol. per 
cent. for the two combinations (mol. per cent chloroform 27'5 and 31'5 
respectively). 


Solubility (g./100g.. solvent). 





% Glycol. 


Tanie V. 


Mix-solubility of sodium stearate in chlorofori-glycol mixture at 25°. 


Solubility (g /100 g. solvent). 














First solvent : glycol Chloroform Chloroform Acetone 
(by wt.). —diethyleneglycol.* —propyleneglycol —ethyleneglycol. 
Too! 0 0°22 0°22 o'r4 
“go: 10 3°I0 3°72 — 
80: 20 5°31 6°21 I.ar 
70: 30 5°83 761 1°82. 
+ 60: 40; Sy 42 58x 7°92 2°47 
. 50:50- © 5°50 7°75 3°10 
40. 60 4°66 655 3°31 
| 30: 70 3°85 _ 3°37 
45:75 i aa 3°13 - 
20: 80 2°91 4/02 ee 
10:90 as _ 2°35 ' 
_ 02100, | ITI0 2°29 ; 1°36 


* With reference to this combination, the first column represents ratios ‘by 
voluthe ' instead of ‘ by weight’. 
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An immediate corollary fiom the above findings is that if the 
same iiolecule can combine a glycolic. portion as well as a portion 
having solvent power for hydiocarbons, this compound will be a good 
solvent for soap, and the more a proper balance between these two characters 
will be attained in a molecule, the stronger will this compound be in its 
dissolving power for soaps. As an illustration of this principle, we may 
compare the structures of ethyleneglycoi (I, and propylcneglycol (II) and 
a-chlorohydiin (VI). The first two compounds have | the same type of di- 
hydroxylic stucture, except that in (II) one of the hydrogen atonis of the (I) 
is replaced by a methyl group. As a consequence, proplencglycoi combines 
the two above-mentioned characteristics much, better than ethyleneglycol, 
and hence, according to our theory, should be more powerful of the two. 
These deductions from theory are borne out by the fact that the solubility of 
sodium stearate in ethyleneglycol is 1°36%, whereas in propyleneglycol 


is 2°3%. 


Let us now consider some derivatives of glyce1ol from this standpoint. 


CH,Cl CH,Cl CH,OH * CH, C.H; 
buon CHOH ~ CHC] — CHOH 
boa,0H CH.Cl + ~  CH,OH CH,0OH 

a-Monochlorobydrin. ay-Dichlorohydrin. 8-Monochlorohydiin «-Phenyl 8y-diol-p1opane. 
(VI) (V1) , (VIII) (1X) 


The compound (V) 1s glycerol, which evidently cannot be a ve1y powerful 
solvent for soap due to its lack of pronounced hydrocarbon-dissolving 
portion, except of course, the straight hydrocarbon chain -CH,’CH’ CH,—. 
Hence, it will have some solvency for soap and will be superior to non- 
hydroxylic solvents, which it is (vide Table VI). The second compound. 
a-monochlorohydrin (VI), obtained by replacement of one hydroxyl group of 
glyceiol by a chlorine atom, may be Jooked upon as a combination of a 
glycol and a chlorinated hydrocarbon, which latter types are well known as 
good solvents for hydrocarbon and paraffin. If one more hydroxy] of glycerol 
is replaced by chlorine. the resulting molecule, ey-dichlorohydrin (VII) 
loses this characteristic feature. Hence, we should expect that the solvent 
power for soap will be in the order of monochlorohydrin>glycerol>dichloro- 
hydrin. This has been experimentally found to be true as the following table 
shows, where the temperature of formation of isotropic solution with 10% by 
weight of sodium palmitate has been determined by heating in sealed tubes. 
The first four data are taken from a paper by Vold, Degett and McBain, 
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TABLE VI. 
Solvent Temp of formation of Solvent. Temp. of formation of 
isotropic soln. with isotropic solu. with 
10% Na-palnitate. 10% Na-palmitate. 
Heptane * 244° Glycerol 84" 
tsoPropyl alcohol 137° a-Monochlorohydrin 58° 
' : 61° (for Na-stearate), 
Diethyleneglycol gr° @y-Dichlorobydrin Above 170° (boiling point). 


Some predictions may now be ventured. In comparing the two isomeric 
monochlorohydrins (sec formulae VI and VIII) we find that the-niain differ- 
ence between the a- and the 8-compound lies in the position of the two 
hydroxyl groups. Since we have seen in our experiments with trimethylene- 
glycol that the hydroxyl] group must be on the two contiguous’ carbon atoms 
to have good latent solvency for soap, we can safely infer that the @-com- 
pound will be far less powerful than the a-compound. Suppose we replace a 
chlorine atom of the a-chlorobydrin by a phenyl group to produce the struc- 
ture (IX) This compound combines both a glycolic character and a benzen- 
oid character and hence should be a powerful solvent for soap Attempts 
are being mude to test the validity of these inferences and the results will 
appear in a later publication. 
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A NOTE ON THE CONSTITUTION .OF HYP OPHOSPHORIC 
ACID AND ITS SALTS. 


By JAGANNATH Gupta AND ANIL Kumar Majumpar. 


This acid, having the empirical formula H,PO,, has been the subject 
of loug controversy with regard to its molecular constitution. From tbe 
available data, it is notable that as a general rule the dimeric formula 
H,P,0, has been -detived by workers studying the free acid and.its metallic 
salts and the-monomeric HPO, by those working with organic derivatives. : 

Investigations on the Raman spectra of. this acid and its. dérivatives 
havé been scanty (Ghosh and Das, J: Phys: Chem., 1932,:38, 586), doubtles¢ 
owitig to preparative and other éxperiniental' difficulties. The ‘results’ wete 
incomplete and-inconclusive:' A‘ thorough" investigation was undertaker 
bythe present’ duthors-but could not be completed. in the: present! abnormal 
eircumstances. Meanwhile, it could be seen that the data already. obtained 
clarified a part a the gue stion deGaitelys sand. are therefore being Eenerted 
here:-' * Be 

Acid. sodium sen puasigebhete was prepared by. the seena a Corrie 
as modified by Rosenheim and Pinsker (Be1., r910, 48, 2003).- This salt 
crystallised well and was easily obtained puie, but was not very: soluble 
in ,water. It was converted into the corresponding acid. potassium salt 
through the sparingly soluble acid barium, salt- by,double decomposition 
with potassium sulphate. An aqueous solution which was nearly of 55% 
strength was exposed to the mercury are -adiation 43584, using a 
m-dinitrobenzene filter, aud the spectrum photographed .with a fairly broad 
slit. A solution of the free acid was obtained through the insoluble lead 
salt aud hydrogen sulphide, and concentrating over sulphutic acid. Iu this 
solution. the amount: of sulphuric acid present as impurity was negligible, 
since‘the strongest breathing frequency of the sulphate ion was not found in 
the photographed spectrum. 

The following Raman, lines below 2000 cm7' were recorded with 
the figures in brackets = “their approximate relative intensities, compared 
visually :— 

Acid potassium salt : 300 (5), 468 (2), 661 (3), 896 (x), 1084 (4), 1204 (2). 

Free acid solution : 300 (3), 475 (tb), 654 (2), 928 (1), 1093 (2), 1175 (xb). 

‘The maximum number of Raman lines permissible for the monomeric 
formula PO”, on the legitimate assumption that the three oxygen atoms 
are equivalent with respect to phosphorus, is four, corresponding to the 


a 


h : ‘ 
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symmetry C;,. It is therefore certain that the acid and its salt in solution 
contain more complex units. The closely analogous spectra of the acid 
and the acid salt show that the structures must be very similar. ‘The 
dimeric trans structure seems highly probable for the two following 


reasons :— 


(i) This structure having symmetry D3, gives rise-1o six Raman 
_ frequencies. 

(ii) The magnitude and relative intensities of the lines are closely com- 
parable with those for the dithionate ion 275(4), 315(2), 550(1), 706(2), 
r0go(4), 1215(2b),« being shown to possess this type of ionic symmetry by 
one of the present authors in a previous communication (Gupta and Guha, 
Proc. Nat. Inst. Sci. India, 1941, 7, 267). : 

It may be pointed out that an alte:native explanation of the appearance 
of the six frequencies on viewing the HPO; ion asa symmetrical top 
is untenable, on the ground that the acid phosphites do not give rise to 
more than four frequencies below 2000 cm™', where the ions are known 
to contain P-H link and possess unsymmetrical structures (Simon and 
Feher, Z. anorg. Chem., 1937, 280, 289). 

These.results, interesting as they are, are yet insufficient to completely 
establish the structure of the acid and its derivatives, and a full disscussion 
is deferred pending further work. 
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STUDIES ON AERIAL OXIDATION OF COAL WITH SPECIAL 
REFERENCE TO THE DISTRIBUTION OF OXYGEN AND 
CARBON IN COAL AND ITS OXIDATION PRODUCTS. 


By J. K. CaowpHury anp Anu, BuusAN Biswas. 


Bituminous coking coal samples have been subjected to aerial oxidation at r50° for 
different periods of time and quantitative distribution of carbon has been investigated in 
the oxidation products by estimating oxygen in relative groups ¢.g., OH, CO, COOH. 


Coal is an organic colloidal complex which may be resolved into three 
principal classes of substances, viz. (2) bitumen, soluble in organic solvents, 
(b) humic acids, insoluble in organic solvents but susceptible to oxidation 
and {c) resistant organic complex, insoluble in organic solvents and resistant 
to chemical reactions. The bitumens and resistant portions together form 
only asmall fraction of coal. The key to the solution of the difficult 
problem of constitution of coal is held by the humic acid constitutent which 
constitutes 70-80% of the coal substance. 

Very little humic acid can, however, be obtained from mature bitu- 
minous coal by treatment with alkali. Evidently the condensation and 
polymerisation processes involved in the formation of coal have gone very 
far to form almost insoluble products in these coals. It is, however, found 
that by careful oxidation, these humic acids may be made soluble in alkali 
and obtained as regenerated humic acid. As a result of various oxidation 
and other experiments, it has been suggested by several workers that this 
regenerated humic acid is constituted mainly of aromatic ring-compounds, 
condensed together to form a complex nucleus which is associated with 
outer groupings or side-chains. In the course of oxidation, ‘the outer 
groupings are first oxygenated giving rise to carboxylic compounds soluble 
in alkali, which are recovered as regenerated humic acid. The nucleus 
may be disintegrated by further careful oxidation giving rise to aromatic 
carboxylic acids, oxalic acid etc., while by too drastic an oxidation, the 
final products of combustion such as H,O, CO, and CO may be obtained. 

In the present investigation, we have studied a sample of bituminous 
coking coal obtained from Talcher Colliery. Its chemical composition can 
be expressed by the empirical formula C,,H,Os (calculated on moisture, ash, 
ammonia, and H,S free basis). As the amount of humic acid obtained by 
alkalitreatment is very small (2°20%), we have subjected it to careful 
oxidation by air at 150° for different periods of time and have tried to 
follow the distribution of carbon quantitatively in the oxidation products and 
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estimated the oxygen contained in reactive groups such as carboxyl, hy- 
droxyl (both phenolic and alcoholic), carbonyi and methoxy] in the original 
and in the oxidised coal. As carbon and next to it oxygen are the most 
important elements in coa!, it is desirable to trace how these elements are 
distributed in coal and its oxidation products. This may also throw some 


light on the mechanism of oxidation of coal on which considerable difference 
of opinion exists. 


Analysis of coal. 


Proximate analysis Ultimate analysis 
(on dry basis). (on dry ash-free basis). 
Per cent. Per cent. Ratio. 
: Noisture ve TOO Cc 81°34 
Ash we 7°49 H 5°18 C/H=15'7 
Volatile matter. 37°14 N ee = «1°96 C/O=7'26 
lixed carbon ... 55°37 s ae O52 
J oO -... 1'20 (by diff.) 
Rational analysis. 
.a) Using pyridine as solvent. (b) Using benzene as solvent. 
Per cent. Per cent. 
«-Fraction (pyridine Bitumen (benzene 
insoluble) 81's50- soluble) 10°54 
> #&Fraction (pyridine Huniic matter 
soluble but chloro- . ‘obtained by air 
form insolnble) » 10°67 oxidation) oe 77 09 
y-Fraction (pyridine Resistant residues .... 12°37 
and chloroform 
soluble) ow = 7 83 


Inthe above data, o-fraction indicates the resistant poition of coal 
together, with insoluble humic acids, while the 8- and y-fractions indicate 
the amount of bitumen including some humic matter. As pyridine is a 
basic snbstance and is liable to dissolve some of the humic acid, we have 
resolved coal into different fractions by using benzene in the place of pyridine 
and subjecting the benzene-insoluble coal to air oxidation at 150° for 192 
hours followed by alkali treatment. 


Progresive Oxidation of Coal by Air at 150° 


The stepwise oxidation of coal has proved to be one of the most 
fruitful methods of exploring the composition and ultimate structure of coal, 
Aerial oxidation of coal bas been studied extensively by Wheeler, Kreulen, 
Fischer and others (Kremlen, Brennstoff-Chem., 1927, 8, 241 ; Fischer and 
co-workers, tbid , 1932, 18, 1933; Francis and Wheeler, Safety in Mines 
Res. Board, Paper No. 27, 1926), Other slightly stronger oxidising agents 
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such as nitric acid ‘Smith and Howard, J. Amer. Chem. Soc, 1935, 37, 
512, 2322), hydrogen peroxide (Francis and Wheeler, J. Chem. Soc., 1925, 
127, 2236), alkaline permanganate (Bone and co-workers, Proc. Roy, Soc., 
1930, A, 217, 480 ), acid permanganate (Francis, Fuel. 1938, 17, 363), chlo- 
rine peroxide (J. Indian Chem Soc. Ind. News Ed., 1940, 3, 1), pressure 
oxidation in alkaline solution (Fischer and Schrader, Ges. A4bh Kennt 
Khole, 1920, 8, 200, 500) and even electrolytic oxidation (Lynch and Collett, 
Fuel, 1932, 11, 408) have been used by a large number of workers. 

Aerial oxidation of coal under controlled conditions differs from the 
oxidation by other reagents in that no profound structural changes are 
likely to result by the former process. ‘The peripheral groups are mainly 
affected and replaced by COOH groups. 


ExPERIMENTAL,. 


In the present investigation, oxidation of coal was carried out at 
a temperature of 150°-160° with air, freed from CO,, blown by means of 
a Cenco-blower continuously for about 12 days through finely divided coal 
placed in the middle of a glass combustion tube heated in an electric 
furnace. After every 12 hours, the tube was taken out, the coal inside was 
well stirred and the tube replaced. Test samples were taken out periodically 
and the yield of humic acid was determined by using 4% sodium hydroxide 
as the solvent. Humic acid was precipitated from the solution by dilute 
hydrochloric acid, thoroughly washed, and dried in vaccum at 80° 


Tasry I. 


Air oxidation of coal at 150°. 


3 A . d | » A , 
a ee: FBO 8 

A OH a ‘G TO 5 

rm 5 8 a ea g 8 

8 BS 3 8 ar 2 £S gy & aid 

3 BA 863 38 4. ae rex 2 

i Bae 5 52 a g 4 Bae 93 aq 

6g e* Wee & S at Be 

ohbr 220% 0% 2°20% 168 hr 87°04% 63 58% 23°46% 
24 25°47 17°83, 7 64 192 87°63 62°09 25°54 
48 42°08 3I°go 10°18 216 87°03 60°50 26°53 
72 60°95 47°62 13°33 240 86°69 58:12 28°57 
96 72°88 56'28 16°60 264 85°25 57°23 28°02 
120 81°16 60°65 al°5r 288 84°72 55 54 29°18 


85°36 63°61 al'75 


- 
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It appears from TableI that (i) alkalisolubility of oxidised coal gradually 
increases and reaches a maximum after 192 hours and then gradually 
decreases, (i) the yield of water-insoluble humic acid reaches a maximum 
after about 144 hours and then slowly decreases, (fit) yield of water-soluble 
oxidation products increases continually with the progress of oxidation. 
Oxalic acid and benzoquinone have been found to be present in water-soluble 
products and carbon dioxide in the gaseous products of oxidation. 

The process of oxidation has also been followed by determination of 
the weight of oxidised coal and its carbon, hydrogen, oxygen, nitrogen and 
sulphur contents which are recorded in Tabie II. 


TasLe II. 


Change in the weight and composition of coal. 


Oxidation Increase or decrease % Composition 
time. in wt. Cc . H. O, N and S. 
o hr. 0 81°34 5°18 13°48 
24 2°95% 79°01 " 5°53 15°46 
sg 5°51 76°97 Bt! ve 17°80 
72 7'94 75°18 4°90 19 95 
96 7°93 - 74°34 4°67 20°99 
120 6°66 72°84 4°38 22°78 
144 4°51 72°54 4'or 23°45 ~ 
168 2°o1 71°99 3°85 24°16 
192 —0'53 71°56 3°65 24°76 
- 216 —2°03. . 70°70 3°46 25°84 
240 — 3°34 70°01 3 36 26°63 
264 —4 az 69 63 3°23 a7"I4 
288 —5'18 69°r5 © 3°13 27°72 


From -the above table it will be observed that the oxidation of coal may 
be divided into three distinct periods. In the first, there is an increase in 
the weight of coal, in the second, there is an equilibrium in the increase in 
weight due to fixation of oxygen and loss due to escape of gaseous products 
of oxidation, and in the third there is a gradual increase in the loss of weight. 
Thus on the one hand, there is fcimaticn of humic acid in gradually in- 
creasing ainounts due to absorption of oxygen and on the other hand there 
is decomposition of humic acid so formed. Up to 3144 hours, the rate of 
formation of humic acids predominates over the rate of decomposition. 
After that period, the decomposition of humic acids predominates. ‘The 
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percentage of carbon and hydrogen steadily decreases with the progress of 
oxidation, while that of oxygen (includirg nitrogen ard sulphur)) gradually 
increases, the increase being more than double in course of 12 days. ‘I'he 
higher hydrogen content observed after 24 and 42 hours of oxidation is 
perhaps due to incomplete removal of moisture from the hygroscopic 
products. Considering the increase or decrease in weight of oxidised coal 
and its composition, it is possible to find out the amounts of carbon, 
hydrogen, and oxygen present in the oxidised coal and to compare these 
amounts with the percentages present in the original coal. Any decrease im 
carbon and hydrogen contents is due to the Joss of CO, and Hx), while the 
increase in oxygen content is due to addition of oxygen to the coal subs- 
tance. These will be clear from the following data calculated from 
Table IT. 


Taste III. 40 yg Oe 


Amounts of C, H and O present in oxidised coal. 


Amounts of different elerents present in Loss or gain of differcnt elements. 
oxidised coal on the basis of 100 g 
Oxidation é original oe 


time. O,NandS. C H. O, N and S. 
or 81'34 g. 518g. 13°48 g. 0% 0% o% 
24 81.30 = 15°92 ~ 0°05 _ +18'10 
48 81‘ 2x _ 18°78 — 016 — +39'32 
72 81°08 _ 21"54 — 0°32 —_ é +59°89. 
96 80°23 5°04 22°19 —- 136 7 — +64°68 
120 77°67 4°67 24°30 — 451 — 9°82 +81'27 
144 75°78 4°19 24°50 ~ 6°83 —19"09 +81°79 
168 73°42 3°93 24°64 — 9°76 —24°11 +82°79 
192 7E19 3°66 24°63 12°47 — 29°31 +82°78 
216 69°26 3°39 25°31 14°85 34°56 +87 ox 
240 67°83 3°17 25 74 — 16°62 —38 80 +90'95 
264 66°70 3°09 25°S9 18 00 40°35 -+92°80 ; 
288 65°58 2°97 26°28 19°36 42°66 +94 8s 


Table 1II indicates that the rate of removal of hydrogen is greater than 
that of carbon. The loss of carbon and hydrogen is due to the escape of 
CO, and H,0. The amount of CO, escaping up to 4 days is very small 
(1°36% only) though the amount of oxygen found in the oxidised coal 
rapidly increases to about 65%. A critical state of oxidation is apparently 
reached at this stage and further additions of oxygen. are accompanied by 
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increase in the loss of carbon as CO, and hydrogen as H,O. About 20% of 
carbon and over 40% of hydrogen of the coal are removed in course of 
12 days. 


Distribution of Oxygen in Coal and in Humic Actd obtained from 
Oxidised Coal. 


It will be observed that in the course of oxidation, the oxygen content 
of coal increased from 11°2% to about 25°5%. In order to see how this 
oxygen is distributed in the form of oxygen-containing groups such as 
carboxyl, hydroxy], methosy] and carbonyl, these radicals were quantitative- 
ly determined in coal andin humic acid obtained from oxidised coal. 
Analysis of samples of humic acid extracted from different stages of oxidised 
coal indicated a fair degree of constancy of composition (‘Table IV). This 
constancy is achieved after 144 hours of oxidation with an oxygen content 
of about 36%. A critical state is reached at this stage, and further oxidation 
breaking down the humic acid into carbon dioxide and water. It is interest- 
ing to uote that no nitrogen or sulphur is lost by this oxidation as practi- 
cally the whole of sulphur in the original coal 1s found in the humic acid. 


TABLE 1V. 


Composition of the recovered humtc acids. 


Composition of humic acid 


Hours of oxidation Yield of humic c H. O (including 
of coal. acid. N and §). 
48 31°90% 62°02% 3°06% 34°92% 
144 63°61 . 60°98 2°98 36°01 
192 63 58 6T‘o1 3°00 35°99 
288 55°54 : 60'03 297 37°00 


Determination of Carboxyl and Hydroxyl Groups.—The usual method 
for the determination of carboxyl] and total hydroxyl is to methylate the 
product exhaustively and then to find out the total methoxyl by Zeisel’s 
method and the ester methoxyl by saponification. The ether methoxyl is 
then found out by difference. But methylation by means of methyl alcohol 
and hydrochloric acid has been found to be incomplete. Diazomethane, 
though somewhat better, has also been found to cause incomplete methyla- 
tion by several workers, due probably to.steric hindrance found in several 
aromatic acids. We have, therefore, followed the following three methods 
which have been found by Ubaedini (Brennstoff. Chem., 1930, 18, 273) 
to give satisfactory results. 
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(I) Total COOH and phenolic OH were found out by titration with 
alkali under the following conditions. 

Humic acid was treated with excess of alcoholic N/5 KOH fusing 95% 
alcohol), when potassium humate, formed by neutralisation of COOH and 
phenolic OH groups, precipitated. It was filtered off and the excess of 
alkali in the filtrate was titrated using phenolphthalein as indicator. This 
gives the amount of alkali required to neutralise the total carboxylic and 
phenolic OH groups. 


Phenolic OH group was then determined separately as follows :— 


The above precipitate of potassiurn humate was suspended in alcohol and 
a stream of carbon dioxide was passed through it when free phenolic groups 
were liberated accoiding to the following reaction, : 


COOK COOK 
oH um +CO,+H,0 = 2Hum +K,CO3. 
OK OH 


The strength of alcohol was carefully regutated so as not to fall below 
75%. Under these conditions potassium) humate containing fiee phenolic 
groups remained insoluble while K,CO, went into solution. This was 
filtered and washed with 75% alcohol. Hstimation of potassium carbonate 
in the filtrate gave figures for phenolic OH (method a), while estimation of 

potassium in the precipitate gave tigure for carboxyl groups (method 5). 


(a) The amount of potassium carbonate in the filtrate was determined 
by adding excess of acid and titrating back the excess with N/10-KOH. 
(Direct titration of the carbonate solution was not possible owing to light 
yellow colour of the filtrate). The value of phenolic OH was obtained directly 
from amount of potassiuin carbonate found and that of carboxyl was found 
by difference. 

‘(b) Carboxyl group was also determined directly by collecting the 
precipitate of potisaium humate containing free phenolic group in a 
platinum crucible and gently igniting the same to ash. ‘The alkali (K,0) in 
the ash was estimated by titration. This alkali gave the amount of 


carboxyl groups present in humic acids, Phenolic OH was found by 
difference. 


(II) In the second process, carboxyl groups were estimated directly by 
treating humic acid with a solution of calcium acetate when calcium humate 
was formed and free acetic acid liberated. 


(2Hum— COOH) + (CH,COO), Cas===(Hum- COO), Ca+2CH,COOH 


In order tocomplete this reaction, it was necessary to remove the free 
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acetic acid as soon asit wasformed. This was done by adding finely 
powdered calcium carbonate according to the following 1eaction, ; 
2CH,COOH + CaCO,= (CH; COO), Ca+ CO,+H,0. 

‘The carbon dioxide evolved in the above reaction was swept forward by 
air, free from carbon dioxide and estimated by absorption in caustic potash 
bulbs. It will be seen that one molecule of carbon dioxide is equivalent 
to two carboxyl groups in the humic acid. 

(III) ‘The total OH groups (both phenolic and alcoholic) present in the 
substance were estimated by acetylating with acetic anhydride and pyridine. 
By deducting the phenolic OH, found by the previous methods, the value 
of alcoholic OH was obtained. The data are given in the following table. 


TABLE V. 
Humic acid Coal 
Method of Hydroxyl groups. Carboxyl. Hydroxyl groups. Carboxyl. 

‘oa. Total. Phenolic Alc. Total Phenolic Alc 

T(a) ie 632% 24°06%  ' 0'003% we 501% 

I(b) we 6°Ir tie 25°39 sch o'12 wee 4°23 

Tl us slow ie 23 08 bee se wes 0°88 
OT 641% 6°21 0'20% so 208% o'r 197% 


The above data show that fairly concordant values are obtained for : 
humic acids but not for coal. ‘Too small values are obtained in the case of 
coal particularly by method II, due presumably to incomplete reaction 
between the insoluble coal substance and calcium acetate. Hence only a 
smnall fraction of total oxygen in coal can be accounted for (Table VII). 

' Estimation of Carbonyl Groups.—Carbonyi groups have been estimated 
by treatment with phenylhydrazine, the excess of which is determined by 
means of Febling's solution. The precipitated cuprous oxide was collected 
and estimated by titration with potassium permanganate (Strache -and 
Harrancourt, Brennstoff-Chem., 1924, 5, 350). The amounts of carbonyl 
groups found in humic atid and. coal are 3°54% and 012% respectively. 
No methoxy] groups have been detected either in coal or in humic acid, 


Oxygen Balance of Humic Acta and Coal. 


From the above data it is possible to calculate the amount of oxygen 
found in various reactive groups in the coal substance and in the humic 
acids examined. The following table collated from the previous data 
gives-an idea of the oxygen in the various groups, 


a 


a . 
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o . . Le om. Tapre VIL oe. ge ithe x eis 
, ' lee Sem . oe ‘me os aot Wo 
..Humic acid Cal 
Reactive groups * ” Amodnt. Fraction of | Amount. + Fraction of ~ 
ed cag Ta ay 3 totaloxygen. .. . total oxygen. 
Total oxygen 32°87% —_ * +112 " —_ 
Oxygen in COOH - 16°98 516% 9633 5 65% 
PF + phenolic OH 6°03 ghia? 2 o'r 0°888 
iy » alcoholic OH — _ 1°85 16°52 
3 », CO group 202 614 007 0°62 
Oxygen accounted 25°04 76°04 2°67 23°77 
y, unaccounted 7'83 23°96 8°53 76°23 - 


It will be found that 76'04% of the total oxygen im humic acid , have 
been accounted for, while the amount of oxygen accounted for in coal 
amounts to 23'77% only. The unaccounted oxygen is apparently due to 
stable ether or cyclic oxygen. The presence of such stable oxygen linkage 
has also been suggested by. other investigators (Kasehagen, Ind. Eng. 
Chem., 1937, 29, 600 ; Fischer and Eisner, ibid., 1371). 

From the above data it is possible to get an idea regarding the process 
of aerial oxidation of coal. The major portion of oxygen in oxidised coal is 
found in -COOH- groups. It will’ be seen ‘from previous data that the 
COOH groups in coal increased from 4°7% to 24°8%, phenolic OH from 
o'1¥%to-6"28% and the ketonic (CO) gronps.from 012% to 3°54% in the 
course of oxiddtion. Apparently the external.groupings in coal are oxidised 
giving place to carboxyl’ groups and the phenolic (OH) and ketonic (CO) 
groups are «ilso considerably incteaséd. Surprisingly, however, no incréase in 
the alcoholic OH groups has been found during oxidation. On the contrary 
a slight decrease” from” 197% ‘to’ 0'2% was observed. It is ‘likely that 
alcoholic grotips ‘are iminetfiately eurpner pxidised giving rise to carboxyl 
groups. 

_ ° Equivalent’ Weight of Humic Acid.—100 G. of humic acid contain 
3°54 &. i.e., 0°526 mol. of CO (Table VI). Hence for-at least one CO group 
.in n Hue acid per molecule, the equivalent weight becomes 800. 

“As 160 g. of:humic acid’ contain 24°8 g. or 0°55 mol. of COOH and 
6°2 21 g. of ‘pheholic OH i.e., 0°375 mol., the ratio of carbonyl, hydroxy] and 
carboxy! groups in the humic acid molecule DECoHies 2:6:9 and its molecular’ 
weight becomes 1600. ~ 


“Distribution of Carbon in jhe Oxtdation Products of Coal. 


Determination ‘of the ‘yield and carbon content of various products ob- 
tained after 144 and 192 hours of oxidation enabled us to determine quantita- 
tively how carbon is affected in the course of oxidation. The gaseous product 

~a- 42 7P—7 
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(i.e. CO.) was determined by absorption in potash bulbs, while the oxidised 
coal was resolved into different fractions by ‘treatment with 4% alkali 
and acidification of the filtrate. Carbon content of solid products was 
determincd by combustion, while that of the solution by oxidation with 
potassium dichromate. The distribution of carbon in various fiactions is 
given below. . +7 


Tasie VII. 


Carbon content aftcr oxidation for 


144 hours: 192 hours, 
Carbon as CO, a 6°37% 9°37% 
as as water-soluble organic compounds .. , 24 39 33°52 
-, as humic acids we 54°8 : 45°56 
resistant residues (1.c. not dissolved in 
. 4% alkali) 12 50 10°37 
unacconnted be I 40 202 , 


Mechanism of Aerial Oxidatton,—lIt will be observed that in the course 
of oxidation, the oxygen content of the oxidised coal slowly increased by 
more than 100% and’ carbon dioxide was evolved at the same time. The 
increase in oxygen conteut 1s mostly due to the formation of humic and 
water-soluble acids. If the view that the coal consists of a nuclear complex 
of condensed aromatic rings with side-chains be accepted, it may be 
visualised that oxygen first enters the side-chain forming alcoholic groups 
which are uustable and quickly disappear giving place to carboxy! groups. 
“Asa result practically no alcoholic group can be detected in humic acid. 
The chemical composition of humic acid corfsisting of carboxyl and 
.- phenolic hydroxyl groups and perhaps one ketonic group remains practically 
constant. The yield ot humic acid increases with the progress of oxidation 
but afte: 144 hours slowly decreases while the yield of water-soluble acids 
increases coiitinuously. Evidently in humic acid, the side-chains have 
been replaced by carboxyl and new phenolic groups have been formed 
by oxidation. With the progress of further oxidation, the nucleus is 
attacked at the phenolic groups and 1s opened up forming carbon dioxide 
and water-soluble acids 
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ON CHLORALAMIDES. CHLORAL.-5-ACETAMIDO- 
SALICYLAMIDE AND RELATED COMPOUNDS. 


oe By K. N. RANA. 


‘Be -Acetemidosaticylamilid hai been condensed with chloral is yield the usual BeeekK 
ry “of the type R CONE’ CH (om: CCl; ‘The acetamido group, unlike the-negative groups, 
in the position 5 does not inhibit the condensation. 
Chloral-s-acetamidosalicylamide gives with dimethyl sulphate, ‘benzoyl chloride 
and ‘acetic anhydride, the related derivatives , and, on dehydration, ae 
EAE oe Ee rere, 


oa 5-Aminosalieysgmide does not condense with chloral to give a simple 
aldol type condensation -product, R°CO’NH CH(UH)°CCls, due to the 
complication brought about by the highly active amino group’-(c/.. Wallach, 
Ber., 1871, 4, 668 ; Hirwe and Kulkarni, Proc. Indian Acad. Sci., 1941, 18A 
49). However, 5-acetamidosalicylamide easily condenses on heating with 
a moderate excess of chloral to yield quantitatively chloral-5-acetamido- 
salicylatnide (I). 


HO OH O 
ode NEHCGr 455 CY is CG, 
CH, COHN NH cHycoHN\ A) 
co 
ay. <4 . (11) 


The condensation product (I) retains the phenolic g1oup and decomposes 
al its melting point into the amide and chloral. But as the substituent 
-NH'CO'CH; in the position 5 is not much of a negative nature, the chloral- 
amide unlike chloral-s-chlorosalicylamide (Hirwe and Rana, Ber., 1939, 72, 
1346) is sufficiently stable in every respect. 


Thus, .it is observed that the formation, as also the stability, of tlic 
variously 5-substituted chloralsalicylamides depends on the nature of the 
substituents; the negative substituents in the position 5 inhibit the con- 
densation (Hirwe aud Rana, loc. cit.; Hirwe, Gavankar and Patil, Proc. 
Indian Acad. Sci. ., 1940, 114, 512), but it is promoted as the substituents 
tend to become positive. 

Hirwe and Wagh (private. communication) attempted to condense 
3-acetamidosalicylamide with chloral, but obtained no definite product: This 
result is interesting and indicates that although the negative substituents 
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in the position 3 promote the condensation, the tendency deteriorates 
as the substituents become positive. 

On dehydration with cold, concentrated sulphuric acid, chloral-5- 
acetamidosalicylamlde (I) gives 6-acetamidobenzo-2-trichloromethy}metcxa- 
zone (II) ; insolubility in alkalis and absence of colouration with ferric 
chloride support the ring formation. The latter does not hydrolyse with 
ammonia to yield the corresponding a-amino compound, like 6:8-dich!oro- 


’ benzo-2- -trichloromethylmetoxazone (Hirwe® and Rana, ae Univ. ‘Bombay, 


1939, 8, itt, 243); hot alcoholic ammonia decomposes it in an unrestrained = 
_fashion. It giyes a monoacetyl derivative, but no hydrochloride. 

The .compound-: (I) ) gives with dimethyl! sulphate and benzoyl -chloride 
the corresponding derivatives; but, when heated with acetic. anhydride 
and two drops of concentrated sulphuric acid, it yields 6-acetamidobenzo 
2-trichloromethylmetoxazone (II) and its acetyl derivative, instead of the 
usual diacetyl derivative which, however, is obtained when the chloralamide 
is treated with acetic anhydride at o° in 10% sodium” hydroxide solution. 
this procedure generally helping the formation of either an o-anhydro 
derivative, or a benzometoxazone (Hirne and Rana, J. Univ.’ Bombdy, 
1938, 7, iti, 174; 1939, 8, itt, 243). ee 


- 
’ 
ae 


Ex PEKERIMENTAL. 


\ 


Condensation of 5-Acetamsdosalicylamide with Chloral : Chloral-5- 
.acetamidosalicylamide.—A mixture of powdered s-acetamiddsalicylamide 
(5 g.) and chloral (15 c.c.) in a boiling tube, fitted’ with an air condenser, 
was gently heated on a wire gauze, until the clear solution suddenly 
solidified. It was kept at the room temperature overnight and.then poured 
into ice-water, trifurated, filtered off, washed and dried. “The cotipound, 
soluble readily in methanol, alcohol, glacial, acetic ‘acid.’ and acetone, 
sparingly im chloroform, betizene, and dificultly” ‘in hot water and ether, 
crystallised from alcohol in colourless; shining ‘prising, th. D. ‘176: a. (decomp:), 
yield 6g. It gavea violet colouration with ferric chloride. ‘ (Found: C, 
39°00; H, 3°27; N, 823; Cl, 3ror. ‘CyH,.0.N,Cl requires C, 38°66; 
H, 3°25; N, 821; Cl, 31°16 per cent): : oo ‘ 

Dehydtation of Chloral-5-acetam dosalicylamide ‘with Concentrated 
Sulphuric Acid: 6-Acetamidobénzo-2-trichloromethyl metoxazone ~—Powder- 
ed chloral-s5-acetamidosalicylamide (5 g.) was dissolved in ‘ coitcentrated 
sulphuric acid (20 c.c.) in the cold, and the solution képt inside a desiccartor 
for 24 hours. -When it was poured on to crushed icé, a white solid 
separated which ‘was filteréd. off, washed and driéd. THe sdlid,soluble 
in methanol, ‘alcohol; acetone, ‘glacial acetic acid and~benzene, ctystallised 
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‘Ttoin alcohol jn white, shining plates, m.p- 218-19°, yield-4 g. It gave no 

colouration with ferric chloride. (Found: C, 41°18; H, 2°96; N, 8'95; 
Cl, 32°94. Ci,H,OsN.Cl, requires C, 40’81-; H, 2‘8r; N, 8°66,:Cl, 32°90 
“per: cent). ; : Myf 

*-The ‘acétyl derivative, prepared from the above compound (1 'g.), 
acetic’ dnhydride: (5 ‘c-c:) and ¢oncentrated sulphuric acid {2° drops), 
crystallised from alcohol in white, fine needles, m.p. 197-98°. « It-gave no 
colouration ‘with: ferric. chloride. (Found. Cl, -29'10. CysHi10.N;Cl; 
Tequires’Cl, 29’r2 percent); «i 6 weno a 

“~a-Methoxychloral-5-acetamido-2-methoxybenzamide —To’*a’ soltition 

“SUF” chioral-5-acetamidosalicylamide (2 g.) in ‘sodium’ hydroxide ‘20 c.c., 
19% solution) ‘at o° was’ added dimethyl sulphate’(2 ¢.) with constant 
“Shaking: > Phe: ‘mixtire-cwa’ kept ‘overnight in a refrigerator. when a 
“paste sparated, which solidified‘on Jorg standing with water. The solid, 
‘Soluble in’ mbthardi alcohol; acetone “and glacial acetit acid crystallised 
> fromalcohdl‘in'célourless ‘needles, m p. 166-67°. It-gave no colouration 
with ferric chloride. (Found: Cl, 29’or. C,sH,,0,.N2Cl, requires Cl, 28°82 
- fer cent). : ; : 
a-Benzoyloxychloral-s-acetamido 2- benzoyloxybenzamide.—Chloral-5- 
acetamidosalicylamide (2 g.), when treated as above with benzoyl chloride 
‘(2 g.), gave a paste which solidified on triturating with dilute sodium 
carbonate solution and on standing with water in a refrigerator for a lofig 
time. The soiid, soluble in methanol, alcohol, acetone and benzene, 
separated from methanol as a white powder, m.p.;187-88°. It gave no 
colouration with ferric chloride. (Found: Cl, 19°66. C.;Hi.0,N,C); requires 
Cl, 19°36 per cent). SO : 

a-A cetoxychlorai-5-acetamtido-2-acetoxybenzamide.—Chloral 5-acetamido- 
salicylamide (2 g.), under a similar tieatment as above, with acetic 
abhydride (2 g.} gave a solid which is soluble readily in alcohol, acetone, 
glacial] acetic acid and sparingly in benzene It crystallised from alcohol 
in colourless needles, m p. 212-14°, and gave no colouration with ferric 
chloride. (Found: Cl, 24°93. C,sH,sO.,N2Cl; requires Cl, 25°00 per cent). 

6-Acetamidobenzotrichloromethylmetoxazone.—A mixture of chloral- 
5-acetamidosalicylamide (2 g.), acetic anhydride (5 c.c.) and concentrated 
sulphuric acid {2 drops) was heated in a boiling tube fitted -with an air 
condenser on a water-bath for 2 hours. The dark brown liquid that 
resulted was pouted into boiling water, when a solid was obtained, soluble 
in methanol, alcohol, acetone, glacial acetic acid and benzene. It gave 
no colouration with ferric chloride and was found to be a mixture of the 
above benzometoxazone and its acetyl derivalive. ‘They were separated 
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by fractional crystallisation from alcohol in which the latter is less soluble 
“and identified by taking mixed melting points with authentic specimens 
of the substances prepared above. : : 
Methyl 5-acelamidosalicylate was prepared from methyl 5-amino- 
salicylate by the action of acetyl. chloride in pyridine medium (Minhorn 
and. Hollandt, Annalen, 1898 304, rrz).. It separated as‘ needles from 
alcohol, m.p. 147-48°. - -. ae eS AED 
a Acsteiiidscalicylenias nici 5-acetatitidosalicylate - (20°:g:) and 


a 


liquor -ammotva (200 c.c., d 0°888) were itiixed together in a pressure bottle » 


and mechanically-shaken for 6 hours, when a dark solution was obtained. 
It was concentrated on a water-bath to obtain a solid which was-triturated 
with dilute hydrochloric.acid, filtered. off, ‘washed: and dried. . The solid, 
soluble in. hot water, alcohol, acetone and glacial aeetic acid, cryStallised 
from hot water in colourless needles and~from alcohol in square plates, 
m.p.204-6°, yield-16°5 g. It was found to crystallise with one molecule 
7of water which it lost at rr0° falling into powder. It gave a Violet co!oura- 
tion with ferric chloride. (Found: C, 50°82; H, 5°64; N, 13°40; H,O, 
8°58. CyHiOsN,, HaO iequires C, 50°94; H, 5°66; N, 13'2r; H20, 8"49 
per cent). , 


The late Prof. N. W. Hirwe was ree interested , in these aaticd: 
tions, and from him the author had received much valuable advice. 


CaeAIsTRY SECTION, so 
JoupHA RESEARCH LABORATORIES, . 
KaTHMANDU, NEPAL, 3 i : 
_- AND . oa, Recelved April 7, 1942, 
ORGANIC CHEMISTRY LABORATORIES, 
RovaL INSTITUTE oF SCTENCH, 
. Bompay. 


= STUDIES IN LONG-CHAIN ACIDS. PART V. ON 
; * ALEURITIC ACID. 


eo By P. C. Mrrrer AND SAILENDRAMOHAN MUKHERJRE 


‘ 


wMethoxy 9:10-hexadecenoic acid, intermediate product in the synthesis of 
aleuritic acid, bas been synthesised, starting from «-methoxyhexyl bromide and o9- 
methoxy-8 : 9-dibromonony] chloride. 


teuritic acid is one of the most important constituents of shellac 
resin obtained by its hydrolysis. Nagel assigned the structure (X) to 
aleuritic acid based on analytical experiments (Ber., 1927,,60, 605), but 
the synthesis of this acid- has not yet been achieved Mitter and Dutt 
(7. Indian Chem. Soc., 1939, 16, 673) attempted to synthesise the acid over 
w-phenoxy-10-keto hexadecoic acid, but without success 
-Noller and Baunerot (J; Amer. Chem. Soc., 1934, 86, 1563) have 
synthesised oleic acid by taking advautage of ‘the’ Boord's reaction 
(Shoemaker and Boord, ibid., 1931, 58, 31505) for the introduction of 
a double bond in a carbon chain. We have successfully synthesised w- 
inethoxy-g : ro-hexadevenoic acid (V1) following the reactions similar to 
those adopted by Noller-and Bannerot’ (loc. cit.) for the synthesis of oleic 
acid. Our scheme for the synthesis of aletiritic acid is as follows :— 


ae OMe 3 
MeO-(CH,),-Bi+Mg+ )CH—~CH—(CH,)—Cl >: 
% . Br Br . | 
W, ’ (IT) : 
OMe Br 
—>  MeOQ—(CH.),—CH—CH—(CH.),;—Cl ‘ 
(7. * = 
Hie _ MeO—(CH,).—CH =CH—iCH.',—Cl 
oS (IV) 
—>  MeO—(CH,),—CH =CH—(CH.),—CN 
{V) ; 


J : <p AVA) 
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—>  Br—(CH,),-CH=CH—(CH,),—C0,H 
(VI) 
_-> AcO -(CH,)«e—CH = CH—(CH;),-CO,H 
(VIII) 


OH OH 

(LX) 
— HO — (CH,),—CH—CH—(CH,),—CO 3H 
OH OH 

OXY 
- -Methoxyhexyl bromide (I) has been prepared from the correspond- 
ing alcohol which in its turn is obtained by the Bouveault reduction of 
ethyl w-methoxyhexoate. An attempt bas been made. to prepare w- 
methoxyhexyl alcoho! by the action of the, Grignard reagent.. from 
méthoxy propyi bromide on trimethylene chlorohydrin, according to the 
method of Conant afid Kirner (J. Amer. Chem. Soc., 1924, 46, 232), but 
unfortunately the desired product could not be obtained satisfactorily. 
Ethyl ‘w-hydroxyhexoate | is prepared by the oxidation, of cyclohexanone 
(Robinson, J. Chem. Soc., 1937, 371). with Caro’s. acid. The hydroxy. 
ester on treatment with phosphorus tribromide and pyridine (cf, Robinson, 
J. Chem. Soc., 1937, 723) gives the bromo-ester which with sodium meth- 
oxide under specified condition ‘(see experimental) yields the desired ethyl 
w-methoxy hexoate in good yield. The reduction of ethyl w-methoxy- 
hexoate with sodium and ethyl] alcohol presents no difficulty provided that 
the alcohol used is dried over calcium (cf. Rydon, J. Chem. Soc., 1936, 
594) w-Methoxyhexyl alcohol, thus obtained, is converted into the 
‘correspondihg bromo compound (I) by meaus of phosphorus tribromide 
and pyridine. For the preparation of g-methoxy-8. 9-dibromonony] 
chloride (IJ};, we first tried to oxidise aleurityl aléohol by -lead tetra-acetate 
(Criegee, Bei., 1931, 64, 260)>- On being reduced with sodium and sodium- 
dried butyl alcohol, ethyl aleuritate gives a solid tetra-ol in moderate yield 
but the oxidation with lead tetra-acetate proves to be most unsatisfactory 
and the yield of thé desired product namely w-hydroxynonyl aldehyde 
is so poor that the process has been abandoned in: favour. of the, method of 
Noller and Bannerot (loc. cit.) nainely the ozonisation of 9 : 10-octadecenyl 
chloride. 

‘The compound (III); obtained by- the reaction between the Grignard 
reagent ‘from .-methoxyhexyl bromide and 9-methoxy-8 : g-dibromononyl 
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chloride, is not isolated but the crude product is subjected to zinc dust 
treatment in butyl alcohol (cf. Noller and Bannerot, loc. cit.). The pro- 
dict (IV), namely w-methoxy-8 : g-pentadecenyl chloride, is purified by 
repeated fractional distillation in vacuo and is converted into the corres- 
~ ponding nitrile by treatment with sodium cyanide in alcoholic solution. ‘The 
"crude nitrile is hydrolysed with 20% alcoholic potassium hydroxide. The 
overall “yield of this acid is so very poor that further progress could not be 
made. Expériments are in hand to prepare large amount of this acid in 
order to complete the synthesis of aleuritic acid. 


EXPERIMENTAL. 


Ethyl w-hydroxyhexoate was prepared by the method of Robinson 
(J. Chem. Soc., 1937, 371). 

Ethyl w-Bromohexoate. —Phosphorus tribromide (x0 c.c.) was added 
dropwise in the cold to a flask containing ethyl w-hydroxyhexoate (27 g.), 
dry benzene (10 c.c.) and a few drops of pyridine. The reaction mixture 
was allowed to stand overnight and then refluxed on the water-bath for 
3 hour. After cooling, the mixture was diluted with water, extracted with 
benzene and the benzene layer washed with sodium bicarbonate solution 
and water, dried over calcium chloride and the solvent removed. ‘The 
residue was distilled at 128-30°/16 mm., yield 23 g. (Found: Br, 35°4. 
C,H,;0,Br requires Br, 35°87 per cent). 

Ethyl w-Methoxyhexoate—To a solution of sodium methoxide (from 
37 g. sodium and 85 c.c. dry methyl alcohol), chilled in a freezing mixture 
(-15°) , were added ethyl w-bromohexoate (35 g.) drop by drop. ‘The 
mixture was allowed to stand overnight and then refluxed for 12 hours 
when the solution assumed a red colour. The mixture was diluted with 
water, extracted with ether, the ethereal layer washed and dried (CaCl;) 
and the solvént removed. The residue on vacuum distillation gave 18 g. 
of ethyl w-methoxyhexoate, b.p. 94-95°/15 mm. (Found: C, 61°82; H, 
10°46. C,H y,0; requires C, 62°07 ; H, 10°34 per cent). 

w- Methoxyhexyl Alcohol.—To a warm solution of ethyl w-metboxy- 
hexoate (23 g.) in calcium-dried alcohol (275 c.c.) sodium (22 g.) was added 
all at once. After the initial vigour of the reaction had subsided the 
mixture was heated on an oil-bath until the whole of sodium went into 
solution (4 to 5 hours). The contents of the flask were then allowed to 
attain room temperaturd, 18 c.c. of water added and the heating under 
reflux continued for'z hour... Then further water (130 c.c.) was added and 
the solution heated for another hour. The solution’ was: then steam- 
distilled. ‘The residue left after the removal of alcohol was -diluted with 


3—7407P—7 


306 P. C. MITTER AND 8. MUKHERJEE 


water, saturated with sodium chloride and extracted three times with ether, 
_the ethereal extract washed, dried ‘(sodium sulphate), the-solvent evaporated 
and the residue distilled in vacuo, when a colourless mobile liquid came, over 
at rr2°/1& mm., yield 11 g. (Found . C, 63'2 ; H, r1’9. "CHO; _requites 
C, 63°63; H. 12° per cent). : : 
. wo-Methoxyhexyl Bromdie (1).—The above alcohol ‘6 g.) and pyridine 
(x°5 c.c.) were added in course of i5 minutes to phosphorus tribromide 
(4°5:¢.) and x ce. pyridine and the mixture well-stured aiid maintained 
at o°. Stirring was continued for x hour and the mixture kept overnight. 
After the addition of ice-water the product was extracted with ether. The 
extract was washed with acid and then with aqueous sodium carbonate and 
water, dried over sodium sulphate, the solvent removed and it was distilled in 
vacuuin, b.p. 98-y9°/r9 mm., yield 5°5g. (Found : Br, 41742. C,H,,OBr 
requires Br, 41°02 per cent). 

Aleurityl Alcohol.—Sodium !12’5 g.) was added all at once to a warm 
solution of ethyl aleuritate (25 g.) in butyl alcohol (210 c.c... After the 
initial vigour subsided. the flask- was heated on an oil-bath (180°) until 
the whole of sodium went into solution.(3-4 hours). After cooling water 
{9 c.c.) was added and refluxing continued for 1 hour Water (62 c.c.) 
wus then added and the mixture heated for another hour. The contents 
of the flask were then subjected to steam-distillation until the whole of 
butyl alcohol was driven off. The residual liquid was then extracted three 
times with ethyl acetate, the extract dried over sodium sulphate and the 
solvent removed. The residue on cooling solidified. It was crystallised 
from petroleum ether (40°-60°), m.p. 56°. (Found: C, 66°22; H, 11°57. 
CisHs,0, requires C, 66°2 ; H, 11°7 per cent). 

Oxidation of Alewityl Alcohol with Lead Tetraacetate.—The above 
alcohol (10 g.) was dissolved in acetic acid (100 c.c ) distilled over chromic 
acid and the solution was treated at 15-20° with lead tetra-acetate (33 g.), 
which was added in portions after which the reaction mixture was heated. 
for 2 hours more at 40-45°. After the lead tetra-acetate was filtered, the 
filtrate was diluted with water and shaken with cther, the ether solution 
thoroughly washed and dried over sodium sulphate. The residue after the 
evaporation of ether was distilled in vacuo when only a few drops of w- 
bydroxy nonyl aldehyde were obtained, b.p. 102°/4 mm. 


w - Methoxy - 8: 9-pentadecenyl Chloride (IV )—8: gy - Dibromo-o- 
methoxynonyl chloride (& g. prepared according to the method of Noller 
and Bannerot), was diluted with dry ether (20 ¢.c.). This solution 
was added drop by drop to the cooled Grignard solution prepared from 
w-methoxyhexy] bromide (12 g.) and magnesium (1°5 g) in 25 c.c. of 


y Sk 
STUDIES IN LONG-OHAIN ACIDS 307 


dry ether. The mixture was allowed to warm up to room temperature, 
allowed to stand overnight and then decomposed with ice and ammoninm 
chloride and the. product after washing and evaporation of the ether was 
heated for x hour at 60°/ 5 mm. It was pale yellow in colour. 

The above product without further purification was dissolved in dry 
butyl alcohol (40 c.c.) and refluxed for, 10 hours with zinc dust (zo g.). 
-After removal of zinc the solution was washed with hydrochloric acid and 
- water and distilled. After three fractionations 2 g. were obtained, b:p. 
198-204°/5 mm. (Found: Cl, 12°23. CysH3,3OCl requires Cl, 12°93 per 
‘cent). : 

w-Methoxy-9: 10-hexadecenonitrile-—To the solution of the chloro 
compound (2 g.) in 17 c.c. of 95% alcohol was added sodium cyanide (x g.) 
and a pinch of sod.um iodide. The mixture was refluxed for 90 hours, 
poured into water, extracted with ether and the extract washed and dried.- 
"The residue left after the removal of the solvent was subjected to the next 
treatment without further purification. . 
° w-Methoxy-g: 10-hexadecenoic Acid (VI).—The above nitrile was 
refluxed for 90 hours with alcoholic potassium hydroxide (50 c.c., 20%). 
The solution was diluted and extracted with ether toremove any unreacted 
nitrile. The aqueous layer was acidified and extracted with ether, the 
extract washed and dried over sodium sulphate. After the evaporation of 
the solvent, the residue was distilled in vacuum when it came over at 194°/2 
mm. (Found: C, 71°62; H, 10°8. Cy,HgO; requires C, 71°83; H, 
II'27 per cent), ; eee = te 
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THE USE OF TRICHLOROACETIC ACID FOR THE 
EXTRACTION OF PHYTIN OF FOODSTUFFS. 


By M. L. SAaRMA. 


A method for the estimation of the phytin content of foodstuffs is described, in which 
trichloroacetic acid is used for the extraction of phytin instead of the usual HCI extraction. 
It is suggested that the modification introduced in this paper is more suitable for deter- 
mining the distribution of the acid-soluble phosphorus compounds in foodstuffs. 


During the course of our investigations on the distribution of phos- 
phorus compounds in various cereals both in the resting seed and during 
germination, the method of McCance and Middowson (Biochem. J. 1935, 29, 
2694) was followed for the estimation of phytin wherein N/2 HCl was used 

_to extract the phytic acid. In order to obtain an accurate and strictly com- 
parable data for the distribution of acid-soluble phosphorus compounds (i.e. 
labile phosphorus, total inorganic phosphorus, phytin phosphorus, etc.) it is 
necessary to carry out the estimations of all phosphorus compounds in the 
same extract, i.e., in the trichloroacetic acid, which is generally employed for 
the extraction of acid-soluble phosphorus compounds except phytin. The 
present investigation was, therefore, undeitaken with a view to finding out 
how far the values obtained by the trichloroacetic acid extraction method 
compare with those obtained by the usual HCl extraction method. 


“EXPERIMENTAL. 


Powdered cereal (25 g.) was extracted first with 20 c.c of 10% 
trichloroacetic acid, in an ice-chest ‘for about half an hour with occasional 
shaking and filtered, the filtrate being kept in the ice-chest. ‘The sample 
was again extracted in the same manner with 20 c.c. of trichloroacetic acid 
and the filtrate from this was added to the first filtrate. The total extract 
was neutralised with N/1o0-sodium hydroxide using phenolphthalein and 
again slightly acidified with N/10-acid and the total volume was measured. 
20 C.c. of this extract were taken and made up to 50 c.c. in a volumetric 
flask and 20 c.c. aligouts were taken for the estimation of phytin. ‘The rest 
of the procedure followed was exactly the same as that of McCance and 
Middowson (loc. cit.). 


Phytin Content of Cereals as determined by the HCl-exiraction Method 
and Trichloroacetic Acid Method. 


The following table gives the values of phytin estimated by the usual 
HCl-extraction method and by the trichloroacetic acid method. 
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Taser I. 
The phytin content of cereals. 


HCI extraction method. Trichloroacetic acid 


> extraction method. 
No. TotalP, PhytinP. Phvtin P.* Phytin P. Phytin P.* 
1. Rice 355%  -0 305% 86 0°308% 86°7 
2. Rice germinated 0 318 0°230 72°5 O'251 78°6 
3. Rice (another ganvcies _ 0 268 _ 0°28 _ 
4 Ragi (Elensine coracana) ~ 0120 => - 0 131 _ 
5. Bengal gram (Cicer artetinunt) —_ o°100 _ O'145 _ 
6, Green gram (Phaseolus radiatus) o'410 0°188 46 0°203 50°0 
7. Green gram (germinated) 0'540 , o 161 30 o0'185 34°3 


* as % of total P. 


The Influence of Concentration of Trichloroacetic Acid on the 
Lxtraction of Phytin. 


' The effect of varying concentrations of trichloroacetic acid on the extrac- 
tion of phytin was then investigated. ‘The results are presented in Table LI. 


Tanix II. 
Rice. 
Total P. Concentration of trichloreacetic Phytin. 
acid used. é 
0°355% 2% 50% 
» 5 74 ( 
” 10 73°7 


The results show that 5-10% trichloroacetic acid is the optimum concerl- 
tration for the extraction of phytin. 
The Influence of Repeated Extraction on the Phytin Content 
of the Extract. ’ 


In the following table are presented the results obtained on the influ. 
ence of repeated extraction on the phytin content of the trichloroacetic acid 
extract. i 
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Tapie III. 
Rice. 
s 
ist extraction. and extraction. 
Total Phosphorus i Phytin P Phytin P. 
0°355% 0'277 0°006 


The results show that practically the whole of phytin phosphorus is 
removed in the first extract. For all practical puiposes, therefore, one 
extraction is enough to obtain the total quantity of phytin in the extract. 

It is clear from the above results that the values obtained for the phytin 
content of cereals and pulses by the use of trichloroacetic acid as extractant 
compares favourably with those obtained by the HCl-extraction method. In 
some cases, however, slightly higher values were obtained by the trichloro- 
acetic acid method which may be due to the efficient extraction of the phytin. 
It is suggested that trichloroacetic acid can replace HCl in the estimation of 
the phytin content of foodstuffs, particularly when the distribution of the 
acid-soluble phosphorus compounds in the same extract is to be determined. 


My sincere thanks are due to Dr. K. V. Giri for suggesting the problem 
and for the guidance during the course of this investigation. 
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STUDIES ON THE PHYSICO-CHEMICAL AND ELECTRO- 
KINETIC PROPERTIES OF GELS OF SILICIC ACID AND 
ALUMINIUM HYDROXIDE AND SOME SYNTHETIC 
AND NATURAL ALUMINOSILICATES, SPECIALLY 
IN RELATION TO°ION-EXCHANGE 
PHENOMENA. 


By S. P. RAYCHAUDHURI AND A. K. M. Quprat GHANI. 


In the present work the cation and anion exchange properties, buffer cnrve and 
electrokinetic- properties of aluminosilicates of widely varying SiO4/ sesquioxide ratios 
have been studied and these properties have been compared with similar properties of 
some naturally occurring aluminosilicate like kaolin, montmorillonite, balloysite, beidel- 
lite and limonite. Incidentally the co-precipitation of oppositely charged colloidal soju- 
tions was studied, by determining the SiO3/A1,0, ratios of different precipitates obtained 
by mixing the sols in varying proportions ; the amount of free alumina on free silica 
given off by the different precipitates have also been studied . 


“~ 

Ghosh and Bhattacharyya (Sotl Sci., 1930, 28, 311) have shown that 
mixed gels of silica und alumina and of silica and ferric oxide as obtained 
by mutual precipitation may have properties resembling in some respects 
those of the soil colloids, so fai as adsorption of calcium and phosphate ions 
are concerned. Of the various investigations concerning the _ silica- 
sesquioxide ratio, reference may be made to those of Wiegner (J. Soc. Chem. 
Ind., 1931, 50, 31, 65), Mattson ‘J. Agric. Res, 1926, 88, 553; First 
Internat. Cong. Soil Sci., 1926, II, 199), Anderson (J. Agric. Res., 
1929, 38, 521), Bhattacharyya and Ganguli (J. Indian Chem. Soc, 1936, 
18, 204, 213), Bhattacharyya (ibid., 1937, 14, 225) Sreenivasa (Proc. 
Indian Acad, Sci., 1935, 1, 607; 4, 201; 1936, 8, 283). Although 
considerable work has been done on synthetic aluminosilicates, no parallel- 
ism appears to have been drawn between synthetic and naturally occurring 
aluminosilicates of widely varying SiO,/sesquioxide ratios. Such a study 
was felt to be desirable. 


In the present paper the base exchange properties including the buffer 
curves and electrokinetic properties of synthetic aluminosilicates of widely 
varying SiO,/Al,O3 ratios, oblained by mixing oppositely charged sols of 
SiO,‘and Al,O;, have been compared with similar properties of naturally 
occurring clay minerals e.g. kaolin, bauxite, halloysite, limonite and 
montmorillonite, 


\ 


312 S. P. RAYCHAUDHURI AND A. K. M. Q. GHANI 


EXPERIMENTAL, 


Preparation of Sols. 


Silicic Acid Sol.—Silicic acid sol was prepared “by adding concen- 
trated hydrochloric acid to a 20% solution of sodium silicate (Merck) and 
by subsequent dialysis c 

Aluminium Hydroxide Sol.—A solution of aluminium chloride 
containing 2.45% of Al,O,; was taken and ammonia added toit. The 
precipitate was well washed with hot water and then transferred to a flask 
containing water, the actual proportions being 1 litre of water for every- 
5g. of Al,O;. The whole was then heated and kept boiling, and o'o5N 
hydrochloric acid added from a burette. After each addition, water was 
added to replace that boiled off. An opalescent liquid that could be filtered 
unchanged was obtained. The colloidal solution of aluminium hydroxide, 
thus prepared, was then subjected to dialysis in a parchment bag for several 
days, the px at the stage when dialysis was discontinued being found 
to be 5°8. , 

Synthetic Aluminosiltcate—The synthetic aluminosilicates were pre- 
pared by mixing silicic acid sol and aluminium hydroxide sol in varying” 
proportions. The precipitates foimed were at first washed by ordinary 
dialysis in a parchment bag and subsequently by electrodialysis, until the 
anode was free of chlorine. 


Electro-osmotic Experiment. 


Electro-osmotic experiments with the precipitates were carried out by 
the modified method of Briggs, Bennet and Pierson (J. Phys. Chem., 1918, 
22, 256). As recommended by Mukherjee (Phil. Mag., 1922, 44, 103; 
Nature, 1922, 110, 732) and Mukherjee and Ray (J. Indian Chem. Soc., 
1924, 4, 173) the straight ube was replaced by a U-tube, thus doing away 
with the use of porous plugs o1 glass-wool. 

_ Determination of the SiOs/Al,O; ratios of the various precipitates.— 
The procedure foilowed was that given in,A.O.A.C., 1938 Ed. 

Determnation of Base Isxchange Capacitres und of Buffer Curves.— 
The base exchange capacities and buffer curves of synthetic and natural 
aluminosilicates were determined by the method devised by Schofield 
(J. “Agric. Sci., 1933, 20, 252), and followed by Raychaudhuri and Nandy- 
mazumdar (Indian Soc. Soil Sci., 1939, 2, 34; Indian J. Agric. Sct., 1940, 
10, 62), Raychaudhuri, Sulaiman and Basuraychaudhuri, 1bid , 1941, 41, 
603), and Raychaudhuri and Dasuraychaudhuri (ibid., 1942, 12, 137). - 

""" Determination of the Cataphorelic Speeds of Kaolin.—The cataphoretic 
speeds of kaolin were determjued by means of the cataphoretic ¢ell of 
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Freundlich and Abramson (Z. physikai. Chem., 1927, 128, 25; 1928, 188, 
37; cf. also Northrup, J. Gen. Physiol., 1922, 4, 629 and Brown and 
Brown, Brit. J. Expt. Path., 1929, 10, 6x). The cataphoretic velocities: of 
the particles at depths + D and $ D were measured, the mean value being 
taken (cf. Smoluchowski, Graetz, “‘ Handbuch der Elektrizitat und 
Magnetismus,’’ 1914, IT, 306). 

Determination of Free Silica and Free Alumina in the Synthetic 
Aluminosilicates.—The quantities of free silica and free alumina in the 
synthetic aluminosilicates were determined by following essentially the 
method of Drosdoff and Truog (J. Amer. Soc. Agron., 1935, 27, 312). 

Preparation of Aluminosilicates free of Alumina—Following the 
procedure of Mattson~ Soil. Sci., 1931, 81, 3x1) the precipitates of silica, 
alumina and aluminosilicates were treated with a hot 10% solution of alumi- 
nium chloride to get rid,of free alumina. 


RESULTS AND DESCUSSiIiON. 


Compositions of Silicic Acid and Aluminium Hydroxide Sols 
; ‘and of. Precipitated Gels. 


(i) Cone. of silic acid-sol—1 mol of SiO, in 1164 c.c. of sol. 

(i) Conc. of alluminium hydroxide sol—xz mol. of Al,Os in 4548 c.c. 
of sol. ; z 

(iit) Compositions of precipitated gels are shown in Table I. 


Taste I. 
Mixing ratios of sols... 05 r'0 2'0 §64'0 80 250 Silicic acid gel ‘ 
(S104/A1,03) , cant 
Comp. ratios of the gels... 044.098 2°0 3'0 70 160 “op, 
(Si04/A1,03) 


In order to examine whether a precipitated mass can combine with 
silica on Jong standing, two types of silicic acid sols (dialysed for 3 and 4 
days respectively) were mixed with a sample of alumina sol and the resulting 
precipitate was analysed after 5, 10 and 60 hours after mixing thé sols. 


The results are shown in Table II. ; 
TABLE JI. 
Si0,/A1,03 (mixing ratiq=2) after mixing Al,O, sol with SiO, sol. after 
Silicic acid sol x hr. 5 hrs. qo brs. * 60 hrs 
dialysed for . 
- 3 days ie = * 1°78 1°78, 1°78 
Moa roe 4 O03 Pde T2090 : 1°35 ~ | 98 23 
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Thé sol dialysed for 4 days was acid-free and almost a gel. This experi- 
ment tends to show that aluminium can combine with silica even after 
lump formation. . : . 

The compositions of the residues after treatrheut with -hot AICI, 
solutions are shown-in Table IIT and plotted graphically io Fig. 1. 


Tassie LIT. 
Mixing ratios of sols (Si0,/AI,03} .. 05 TO 20 40 8'0 250 
Comp. ratios of the gels ( 7 ) . 067 lat 178 1°78 = 4°96 5°41 


15 


10 





In Fig. x from point 1 to A, the Al added gets combined with the 
compound having SiU;/A1,O; ratio= 3 and as this compound exists in in- 
creasing amount from I to A, the amount of aluminosilicate that gets combined 
with Al increases in the same manner, so that eventually we get a straight 
line for this portion of the curve ; the combination may be represented as: 


Ast ‘ . OH ‘ , . O 
0.Si ; 
o-si€ SAVOH 
(ona so % 
- 
osi€ oi Yarox + 2H 
O+AKOH), > 
(coMmalt = 


0 O 
osit ; o.siC Dalon) 


N 


From the point A to B the combination of Al with the aluminosilicate gets 
lesser due the fact that above the 5i0,/Al,03 ratio= 3, the complex gets 
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covered with free SiO, resulting in a gradual retardation of the above 
reaction, because the alumina cannot get to the compound due to interven- 
toin of silica. ‘hat Al can combine with gellified Al-silicates is broughtout 
in ‘Table III. na . 

From B. ouwards we again find a straight line. ‘This we have tried 
toexplain by assuming that at B the micelles get completely covered with 
free $10, and* no chemical combination can henceforth take place; on 
treatment with AICI, the aluminium added merely gets. adsorbed on the 
previously . adsorbe#“silica. Though this process of adsorption begins from 
A, and the slope AB’is in part due to this effect, at B a maximum is reached, 
and the SiO,/A1,Os3 ratio remains steady near about 5. A further confirma- 
tion’ of the above theory presents itself when the electrokinetic and base- 
exchange properties of the compounds at A and A’ are compared. Such 
a compurison tends to show that the samples A and A’ are more or less 
alike} :* The -millimols of silica. and alumina per 100 g. of precipitated gels 
.(oven dry basis) before and after treatment with a hot 10% solution of 
aluminium. chloride were- determined by treating these gels with a 2% 
solution of sodiuth carbonate at 70° for 10 hours (Drosdoff and True, 
lac. cit.) ’The results are shown in Table IV. 


BAS ie ot. aha se : TABLE IV. 
_A. Before treatment with 10% AICI; B. After treatment with 10% AICls 
M. tmols after treat- M mols after treat . 

Comp. ratio. iment with 2% Comp. ratio. ment with 2% 

uaa’ 6h Na,CO; soln. : Na,CO; soln. 
Si0,/A1,0,. SiO, Al,0. SiO,/A1_03. Si0,. AlgO5. 
9°44 ; Nil 257°4 0°67 Nil 85°2 
 0'98 . a 1043 121 2 26°3 
“2°00 61 6 Nil ~ - 1°78 22° 63°4 
3'00 85°4 as 1°78 24°3 65°1 
" 7°00 163 3 ” 4°96 88°3 197°6 


16°00 455°9 ’ 54r 210°7 276°2 

We find from Table IVa that at lower ratios of SiO,/A1,O, in the origin- 

al precipitates, only free Al,Os is given off, whereas at higher ratios SiO, 
alone is given off and in increasing quantities. Results in Table IV(a&n) 
show that in precipitates, where SiO./A1,O; ratio is below 1‘2xr (i.e. where 
treatment with 10% hot AICI, has resulted in peptisation of some free 

- alumina), the quantity of alumina extracted with 2% Na,CoO, solution is less 
in the precipitated gels after treatment with hot AICI, solution thau before. 

. ‘bus where the mixing ratio of SiO,/A1,Os is 0’5 (vide Table I) the extracted 
alumina in millimols per 100 g. of gel reduces from 257°4to 85°2. Also where 
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the’ mixing 1alio of Si0,/A!,0s; is 1°00, this figuie reduces to 26°3. “Beyond 
this mixing ratio, however, treatment with 10% AICI, bas resulted in 
positive adsorption of alumina and we find that increasing quantities of 
alumina are being given off. Table IV also shows that the quantitics 
of SiO, given off by treatment with 2% Na,CO,° solution becomes less 
after treatment with hot 10% AICI, solution and in both cases SiO, ‘given 
off increases as we pass down the column. ‘This relative decrease of free 
SiO, (extracted with 2% Na,CO, solution) and the incyedse in--free--Al,O; 
extracted by the same process, after treatment of the precipitated gels-with 
hot 10% AICI; solution, explains the increase in positive ‘chargé -after 
treatment of the precipitates with hot 10%AICI, solution (vide Table. V). 
-It would be interesting’ to consider this decrease in the quantitietrof frce 
SiO, \Lables IV and V) in the light of the postulations: regarding) the 
structure of these aluminium silicates given before: -Itchas: been already 
asstimed that at high SiO,/A1,Os ratios, muck SiOg remains -free imparting 
-to. the precipitate a negative charge (Table V). On treatment -with-hot 
AICI, solution, three definite processes occur in successive stages. (Big: t), 
At’ first there is a decrease in tlie alumina content of the-precipitate:and 
the quantity of free alumina decreases. Then ifiv:the second stage, 
treatment with hot AICI, results in the combination of aluminium and the 
aluminium content of the precipitate increases and consequently the free 
alumina given off increases from o to 63°4 and 65'1. The quantity of 
free SiO, given off naturally decreases as most’ of it lias combined ‘with the 
aluminium. The charge is positive (vide Table V) as the1e is, more of 
free alumina than free SiO,. Then in the third ‘stage; aluminium 1s mostly 
adsorbed on the precipitate and some of 1t of course combines chemically 
-with the SiO,. The result is that the quantity of free SiO, decieases after 
treatment with hot AICi, and the quantity of free alumina given off greafty 
increases from o to 1971 and 276°2, the charge becoming positive 
(vide Table V) Another interesting point in Table 1V is that as we 20 
down the column we find the quantity of free SiO, given ,off increases but 
the quantity of free alumina given off at fitst decreases from 85'2 to 26°3 
and then increases from 63°4 to 276° 2. 7 
iilectso0-osmotic Lxperiments with Synthetic Gels of Alumino- , 
silicates and with Silcic Acid Gel. 
Table V_ shows the electro-osmotic-movement in cm. per 5 mins.’ with 
the electrodialysed precipitated geis of aluminosilicates (Table Va) and 
with the same gels after treatment with a hot 10% solution of aluininium 
chloride (Table Vz). Ie a . et aos 
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ae! ats ' ++ "TABLE.V. - a a cet 
ree Sistah yo 4 Geetha . . 7 a? 
A. Electrodialysed precipitated .,.. B “icanedtatyeed dal gels after treat- 
gels of alaminosilicates ment with hot 10% AlCl, and snb- 
2 7 BRE tse soe ttda te 7 - sequently electrodialysed. 
Mixing ratio Comp.ratioof Wlectro-osmotic Comp bias Electro-osinotic 
. of sols ppt. movement | of p ; movement 
(Si04/AJ,03)  (Si0g/AlgOg)2 (cm /5 min.) - sialon "(en /5 min). 
La Papa ie se , : en si * 
0 50 © 44 +2'9 0°67 Loo FaS- 
r'00 0 98 ‘ F10 r'12 ee mb 
2‘oo 2 00 . '=16 178 +2°0 
4°00 3°00 $-23.°~: --' . 198 +20 
8'00 7°00 .7B5R . 4°96 +33 
25°00 16,00 748 sat ib4a 
Silicic acid gel ie 59 


That i in presence of AICI, a reversal, of charge might be effected is 
shown from the following data taken from Mattson (loc. cit.). 


Vv, 


Tasie VI. ~ a a 


Electrodialysed Sharkey soil 
(o'2 g. colloid per litre). 
AICI, (m. equivalent/litre) a oo 02 I ° os 20 . 40 


n/sec./volt/em «. 3:2 ~-080 ~-017 +000 +014 +049 


Mattson has explained this reversal in chaige by assuming the forma- 
tion of compounds iike oxychlorides, which dissociate into diffusible anions 
and an electropositive colloidal complex. , 


3 ' 
Electro-osmotic Experiments with Synthetic Gels of Alumsnosilicales 
ue and with Silicic Acid Gel. 


In the following tables (VII-XIX) Ivci represents the electro-osmotic 
movement of bubble for 5 min. in cm. fora salt MCland Iya represents 
similar movement for the salt LiCl. We may assuine the imtensity of 
adsorption to be proportional to. the cataphoretic speed. The. thiid 
column gives the value of In-Iua. If we take hi to be zero, this 
reduces to Ix, thus giving the intensity of adsorption for a cation M 
relative to Li. Li is chosen due to the fact that among the cations 
taken, it ha$ the weakest exchange intensity. Similarly the ‘sixth 
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column of the tables Ia =Ino, represents the intensity for an anion 
A(Is). It may be pointed out that Im is throughout positive and IA is 
throughout. negative. The strengths ‘of various’ electrolytic solutions 
used are N /500 in all the-cases. Electro-osmotic movement is expressed in 

em./5 min. 3 ¥ 2 Soe 
“Tables VII to XIII give data for gels untreated with hot 10% AICI,’ 
solution, whilst Tables XIV to XIX give data for gels treated with hot 10% 
AICI; solution. ea : 
naehe cee 


Tasie VII. ote i” 


SiO,/A1,0, mixing ratio=o’50. 
», cowposition ,, =0'44. ° 


’ 


Salt used. Movement. J lpi =Jy,- Salt used. Movement. Llexo, i - 
Licl _+4'20 = K,Fe(CN) —06 _ TT T0 
: NaCl +43 ‘o'r i? dy K HPO; +o'o was a ~6'5 
KCl +4°4 02 . K,SO, " +2°4 —4'1 
MgCl, +4°4 o2 . KCl +4°4 —2'1 
CaCl, +4°5 o'3 KI +49 —1'6 
BaCl, +4°5 o3 KBr +6°0 —0'5 
AICl, +4°7 ‘O's KNO, +6'5 = 
Water +2'9 ees — a ios 
Tape VII. 
‘ SiO,/ Al,O; mixing ratio=1'00. : _ 
"4, Composition ,, =0'98.. 4b. #. ke 
Salt used Movement. J mel ric = ar . Salt nsed. Movement I Kal KNO3 =] A 
Lit) +Y7 _ K,yFe(CN}¢ —0'5 —30 
RE Ae ge TEES IEOL 9 RPP Aas, Sees 
BCL «© +20" +0°3 K,S0, $oF* tag 
MgC: 4a * 05 KCL! t2°0 "o's 
. CaCl” _£2°3 ney) ‘+06 * Kt : a +20 : ~ d's" 
Bet, 485 to8 RB ta pa 
AIC = | #2°7 +r * KNO; was Domi 


Water. “: +10 se uieey eee Fo Feaafe 


*  ,,. composition ,, =2'00 
Salt used. Movement. Veet ict? a . Salt used MOVE iGo: . Teal Eno, =T,. 
Licl —34 =. — KyFe(CN)s —3°8 ro 
NaCl —~3°I +0°3 K,HPO, 73's a ae 
KCl —2'9 +0'5 KI "  =3"2 —d'4 
MgCl, —2°6 +0°8 © K,SO, —3°2 —0'4 
~ CaCl, —2°4 +rvo | KBr —3'0 —0'2 
BaCl, —2'2 +12 KC] —2°9 “OT | 
AICI, —1'8 - +16 KNO, -28 _ 
Water —1'6 _ pare os ~ 
: TABLE X. 
SiO,/Al,0; mixing ratio= 4'0o 
vi _composition 1, 3°00 
Salt used. Movement. Tact ict = as Salt used. - Movement. Tal eNO =I). 
“Lic —5°7 J K,Fe(CN)s = —4'8 —0"4 
NaCl —-4'8 +0'9 KsHPO, —-47 a ok 
KCl 44 +13 KI —4'6 —0°2 
MgCh = —3°9 +18 KySQy —4°6 ~0'2 
CaCly —3°5 +2°2 KBr —4'5 ~O'r 
BaCl, ~Z1 +256 KCl —4°4 0'0 
AICI, —2°6 +3°1 KNOs —4°4 _ 
Water ~2°3 _ 7 ae a se 
TABLE: XI. 4 
SiO./Ai,0, mixing ratio=8"o- 
» composition ,, =7"0. 

Salt oe Movement Nye ict = ir . Salt used. Movetgttt. Tel KNO3 =t,. 
LiCl —8'0 — K,Fe(CN)¢ —7'2 —0'3 - 
NaCl 73 +0°F K,HPO, —7'2 —O'3 
KCI, —7o +10 KI ~72 Ore 
MgCl, -58 +272 , K,SO, ~7'I ~—O'2 
CaCly —-49 +3°1 KBr —7'0 ~o'L 
BaCl, —4'I +3°9 KCl ~—6'9 00 
AIC]; —37 +4°9 . KNO; ~6'9 _ 
Water —2°5 = _ _ oe 


\ 
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Tasie IX. 


Si0,)/Al,0; mixing ratio= 2°00 


319, 


320 


Salt used 


Lich 
NaCl 
KCI 
MgCl, 
CaCly 
BaCl, 
A IC Is 
Water 


Salt used 


Lic} 
NaCl 
KCl 
Mel, 
CaCl, 
BaCly 
AIC], 
Water 


Salt used. 


LiCl 
NaCl 
KCl 
MgCl, 
CaCl, 
RBaCly 
AICI, 


Water 
—_— 
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Movement 
in 1 min. 


—-62 
—6'1 
—671 
~5°9 
—56 
—5'4 
—4°8 


Movement 


Jin 1 min... 


—-62 
—6'2 
—6°2 
—-61 
-61 
—6'r 
—6'0 
—59 


Movement" 


+13 
+14 
+15 
+17 
+1'8 
+1'°9 
+271 
+25 


Taste XII. 


SiO,/Al,O, mixing ratio= 25‘o. 


5, composition ,, 
her tica a1 . Salt used. 
_ K,Fe(CN), 
+o'7 KeHPO, 
+o'r RI 
+0'5 K,S0, 
+0°6 KBr 
+0'8 KCl 
+12 KNO; 
TaBLe XIII. 
Silicie acid gel. 
Iyer ict = 4x1 i: ; Salt used, 
~ K,yFe(CN), 
‘oto KyHPO, 
oo KI 
—o'r K,S0, 
o'r KBr 
-o'r KCl 
“—-o0'2 KNO; 
TABLE XIV. 


=16'0. 


Movement 
int min 


—6'3 
—-62 
—-6'1 
~6'F 
—61 
—6'1 
—-6°1 


—~— 


Movement 
int min, y+ 


—6°2 
—6°2 
~6°2 
—-6°2 
~6°2 
~6'2 
~6'2 


SiO,/A1,0; mixing ratio=o'50. 


.y, composition -,, 


Tyrol Fried? an - 


+0°1 
+0°2 
+0°4 
+0°5 
+0'6 
+08 


Salt used. 


K,FefCN) 
K,HPO, 
K,S0, 
KCl 

RI 

KBr 
KNOy 


ée 


=0'67. 


Movement, 


—O'r 

+04 
+19 
+1°5 
+2°0 
+2°3 
+2°6 


ay 


Tea 


TxN05 = 


Ka 
—0'2 

—o'1 

oo 

ome) 

oO 

0/9, 


TeNO3 ~ 


oo 
0° 
oo 
oo 
o'a 
oo 
00 


I 


xa! 
—2°7 
22 
—1°6 
—1'r 
—o'6" 
O03 
— 


J 


KNO, ~ 


r. 
A 


4 


Tr. 
A 


Salt used. 


Licl 
NaCl 
KCI 
MgCh 
CaCl, 
BsCly 
AIC), 
Water 


Salt used. 


Licl 
NaCl 
KCl 
MgCl, 
CaCle 
BaCly 
AlCl, 
Water 


Salt used. 


Licl 
NaCl 
KCl 
MgC), 
CaCl, 
BaCl, 
AIC], 
“Water 


», composition ,, =I°12. 
Movement. Tyorhiiog =u: Salf used. Movement. 
+1°8 _ KyFe (CN), —0'3 
+2'0 -++o'2 K,HPQ, +1°5 
+2°3 o's K,SO,y +2°0 
+2°4 +0°6 KCl +2°3 
+2°5 +0°7 KI +2°5 
+2°6 +0°8 KBr +2'6 
+2'9 +1'I KNO3 +28 
+2°5 _ — _ 
Taste XVI. 
SiO,/Al,0; mixing ratio= 2‘oo. 
», composition ,, =1°78. 
Movement. Tyg trict =a: Salf used. Movement. 
+1°9 — KyFe(CN)g —0'5 
+2'2 +0°3 K,HPO, +1°5 
+24 +0'5 KySO, +20 
+2°7 +0°8 KCl +2°4 
+29 +1'0 KI ew 
+3'1 +12 KBr +3°0 
+3°3 +14 KNO, +3°4 
+2°0 — = = 
TABLE XVII. 
SiO,/Al,0; mixing ratio=4'oo. 
»» composition ,, =1°78, 
Movement. Teor nicl =a » Salt used. Movement. 
+1°9 _ KyFe(CN)g = —0'5 
+2°2 +0°3 K,HPO, +15 
+24 _ o's KyS0, +2°0 
+2°7 +0°8 KCl. +2°4 
+3°0 +1'I RI. +2°7 
+3°r +1'2 KBr +3°o 
+3°3 +14 KNO, +3°5 
+2'o = ~r and 


s—ayP-7 


GELS OF SILICIC ACID, ETC. 


Taare XV. 


SiO;/Al,O, mixing ratio= 1r'o. 


Ta ENO, = 


I 


I. 


ee 
—3°.r 
~E's 

- 08 
O'S 
—0'3 
—0'2 


—3°9 
—1'9 
~I4 
—r'o 
-0'7 
—O4 


KA ENO, 7 


—4'0 
—2°0 
— I's 
“rr 
—0'8 
“O'S 
— 


ST 


KNO3 "A" 
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I 


I, 


I, 
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Taste XVII. 
SiO./Al,Os mixing ratio=8'oo. 
3» composition ,, =4'96. : 


a 


Salt used. Movement. I welt rict Ai . Salt used. Movement, Teal KNO, =d,- 
LiCl +1'9 ~ _ : KFe(CN)¢ +0°L —3°7 
NaCl +2°4 : +0°5 - K,HPO, +1°3 35 
KCl -+2°5 +0°6 K,S0, +2'0 —1'8 
MgCl, +2°9, - +1'o ; KCl +2°5 13 
CaCl, 43'1 +1°2 KI +3'0 —0'°8 
BeCly | +3°3 . +14 : KBr +3°4 0 * —0'4 
AICI, +3'6 +1°7 : KNOy, +3°8 _ 
Water +3'0 - _ = _ 7 7 _— 

TABLE XIX. - 


SiO,/A1,0, mixing ratio=25"00. 


s, ~ composition ,, = 5°41. 


Salt used - Movement. Tso ict a . Salt used. Movement. Text Exo, =f A 
LiCl °  +2'r _ _ * KyFe(Cn)g +03 — —4'0 
NaCl +2°6 ' -+o's © KgHPO, +1°4 —2'9. 
KCl +3°0 +0°9 = ss Kg Sy +2°4 —1'9 
MgCh +3'4 $3 KCl +30 —13- 
CaCl, | +38 +1'7 KI +3°5 —o8 
BaCly +4°r ’ +2°0 KBr +3'9 —-0'4 
AIC], +4°5 ‘. +24 KNOs +473 _ 
Water +4°1 _ _ _ _— 

TaBLE XX. 


Cataphoretic experiments with kaolin by Freundlich and 
Abramson's cell. 


Salt used p/sec/ Salt used /sec/ Sa'tused y/see/ Salt used _x/sec/ 
(N/s500). -volt/cm. (N/500). volt/em. {N/s500). volt/em. (N/soo).  volt/cn, 


Licl — 1°33 KyFe(CN)g —r'12 CaCl, —0'59 KBr —0°78 
NaCl —0'9L K,sHPO, III BaCl, 0°53 Kcl —0'76 
KCl —0'76 KI * —0°80 AICI, —0'42 KNOs —0'74 
MgCl -0'67 K,S0O, —o'79 «=©9Water = —0°34, _ ~ 


It will be found in Tables VII to XX that in general the difference of 
yelocity from Ba** to Al’** is greater than any other difference and the 
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vaiue for Al‘** more nearly approaches that for H* (the electrodialysed 
‘sample). This is'explained by the fact that Al*** being a constituent 
ion fits in the general structure of the gel, and comes into closer contact 
with the nuclear structure. The works of Mukherjee and Fajans have 
shown that even gels may possess regular patterns like crystals (cf. Fajans 
and Backerath, Z. physikal. Chem., 1921, 97, 478; Mukherjee and Ray, 
J. Indian Chem. Soc., 1924, 1, 173). 


The results of these investigations show that the intensity of cation 
adsorption follows more or less the Hoffmeister series, 


Lit < Nat < Kt < Meg** < Catt < Batt < Alttt 


It might be that besides the thickness of the double layer (d) other factors 
might cowe into play, e.g., the comparative dissociation of the ions entering 
and leaving, which amongst others modifies the cataphoretic speed and 
this dissociation decreases from,Na* to Catt or Batt. There can be 
simultaneous anion and cation adsorption and that the migration micelles 
rather than being ‘a definite measure of the intensity of adsorption is depen- 
dent on other factors as well, the chief among them being the dissociation 
of complex formed by molecular adsorption, the hydration and the kinetic: 
energy of the ions (cf. Mukherjee, Trans. Faraday Soc., 1921, 16, 103). 
When these factors are allowed, espécially the relative dissociation, we can 
get a comparative study of the intensity of adsorption. Thus we find that 
in general the order is Fe(CN),” > HPO,’ > SO", > Br’ > Cl! > NO’. 
This more or less follows the -lyotropic series which is I’ > Br’ > Cl! > 
NO'; > SO,". Though the position of SO,"'in the lyotropic series happens 
to be the last; SO,” from H,SO, has been known to be more strongly adsorbed 
in soil than CY, the order being PO,” > SO,” > Cl’ (Mattson, 1929). 
This may be explained as being due to the presence of free sesquioxides in 
the samples. 


With positively charged precipitates (Tables XIV to. KIX) the positive 
charge decreasés in the following order: Al*** > Bat* > Catt > 
Mg** >K* > Na* >Li*. The behaviour of anions shows that the positive 
charge diminishes in the following order: NO, > Br’ >IT) >CI> 
SO,” > PO," > Fe(CN),'”. With positively charged precipitate the 
charge is throughout negative in presence of Fe(CN),!". This reversal of 
charge can be explained from Mukherjee’s point of view (loc. cit.) as being 
due to the adsorption of: the highly negatively charged Fe (CN),!”-ions in 
the primary sheet of the double layer. The latter imparts a negative charge 
to the whole particle. Our findings are that Fe(CN),!” in all cases 
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decreases the positive charge to a large extent, though an actual reversal 
of sign may not occur when the initial charge is highly positive. 


Fic. 2. * 


Ix of a cation M——> 


NX 
gs 
a} 
g 
5- 
z 
3 
v 
< 
ray 





% Composition (SiOs) of the precipitate. 


The results in Tables VII to XX have been plotted graphically in 
Figs. 2, 3, 4 and 5. Fig. 2 shows the value of Ix (intensity of adsorption 
of the cations relative to Li when the value for Li is taken to be zero) 
plotted against the percentage composition of the« different percipitates 
{untreated with 10% hot AICI,). The curves show peaks, proving that at 
a region where the SiO, is 80-90%, the cation adsorption is maximum. 
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This is in accordance with ¥he current views that at a particular SiOQ,/AI,Os 
ratio the cation adsorption is maximum (cf. Weigner, loc. cit.) Fig. 3 
gives the value oy J, (intensity of adsorption of the anions relative to 
NOs when the value for NO,! is taken to be zero) plotted against the 
percentage composition of the precipitates. The curves show that the anion 
adsorption drops down with the SiO, content of the precipitates, pure SiO. 
gel showing zero intensity. This corroborates the suggestion of Mattson 
(J. Agric. Res., 1926, 88, 553) that the adsorption of anions in soils is 
largely due to free sesquioxide. Bhattacharya and Ganguly (loc. cit.) have 
found a similar set of curves using a different method. 

In Fig. 4 have been plotted the Iu values for gels treated with 10% 
AICI, not against the percentage composition (some of the samples giving 
the same percentage composition, this method was not resorted to) but 
against the SiO,/Al,0,; mixing ratio of the sols when the precipitates were 
being formed. The SiO,/Al,0; composition ratio curve was next super- 
imposed and it was found that within moderate limits (here less than 5°41 
SiO,/A1,O; ratio values) the intensity curve follows the composition ratio 
curve, i.e. within moderate limits of SiO;/A1,O;3 ratio values, the intensity 
of cation adsorption increases with SiO, content. 







. Fic. 4. 
& 
gl POA 
4 PE TT eA 
& shod ede | 8g 
6 4, Seberreeeerrern. 
S23 [eee tte PT | ° 
a = pected 
. Peet TT 
a 


25 50 75 100 
Mixing proportions of sols (as % SiOx) 


Dotted curve gives SiQ3/A1,0y3 comp, ratio. . 
Full-drawn curves give the volume of I. 


In Fig..5 similarly have been plotted I, values for gels treated with 
10% hot AICI, solution, not against percentage composition, but have 
later been superimposed on the composition ratio curve and the curve for 
free alumina content (i.e. the Al,O, which is liberated on treatment with 
2% NasCOs, cf. Table II). Here we find.that the intensity curves follow 
this latter curve, {hus again showing that anion adsorption is connected 
with free sesquioxide content and uot with the total sesquioxide content. 
Fe(CN), * does not give a minimum. Our findings are that this ion, in 
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all cases, decreases the positive charge though! a reversal may occur only 
when the initial positive charge is rather weak. It may be mentioned 








Fic. 5 
= 250] , PT ty tL 3 
Po Cee ae ee te 
Se | eee as 
Be ede al eee lee lI chal ae 2 
Bec) Te Se | ae 
o7°) CPC woe AT] 
2 at a oe 
Eeoh P| IN NE eee Et = 
S | CARE eeertery Td os 
2 s| LAR EREr ret] *s 
x See elie: °S 
25 §0 75 r00 


Mixing proportion of the sols (%SiOx). 


Dotted curve gives the comp. of the ppt. (% of total Al,Os). 
Full-drawn curves give JA and broken curves give free AlyO; content. 


that I, includes the charge of the colloid, and this latter depends on the 
initial positive charge of the particle and on the amount of ion adsorbed. Both 
thésée factors increase with the increase of free alumina, but while the effect of 
the former is to increase the positive charge, that of the latter is to decrease it 
and I, will merely give the relative difference of the two opposite process. 
In the case of Fe(CN),, during the frst part of curve (left side) the 
former effect is stronger i.e. the particle becomes initially relatively less 
positively charged due to less of free alumina as compared with the loss in 
negative charge due to less of Fe(CN),” being adsorbed. 


Table XX shows the variation of electrical charge of electrodialysed 
kaolin with different anions and cations. The results show that the ad- 
sorption of cations follous the Hoffmeister’s series, viz., Alt*+ > Bat? > 
Catt > Mg*tt > Kt > Nat* > Li*. Also the adsorption of anions 
follows the order, Fe(CN),"° = HPO,” > VY > S80," > Br' > Cl > NO,’. 
hese orders of cationic and anionic adsorptions are siinilar to those found 
for the negatively charged gels and are in complete agreement with the 
theories of ion adsorption put forward by Mukherjee, (loc. cit.). 
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Determination of Buffer Curves. 
The results are shown in Tables XXI, XXII and XXIII. The corres- 
ponding buffer cufves have been drawn in Figs. 6, 7 and 8. 
: Tasty XX. 


Base-uptake per 100 g. original in m. equivalents electrodialysed 
precipitated gels (oven- dry basis). ‘ 
Ratio of SiO, to, Al,03 equals to 


pa. SiO,. 1. 2. 4: 8. 25 Al,Os. 
V3 ~1I'30 = 72°5) = 875 =— G0'0 ~~ 4a°5 — 35°0 +18 
a9 16'5 — 8770 — 977°5 -— 55% — 40°r — 27°I -+2°2 

, 46 +10 — 30°90 — 39% — 237 — 98 + o'o +68 
7I #15 “+1250 +140'0 +180°r) +192°7) +120°r +12°8 
98 +r7'x +3875) +179'0 }«=9+226°3 +237°5 +193'7 -+107°2 
wags +370 +2075 +190°0 +247'5 +262°6 +237°6 +249'0 

TABLE XXII. 


Base-uptake in milliquivatents per 100 g. of precipitated and electro- 
dialysed gels after treatnient with 10% hot AICI, solution and subsequent 
electrodialysis (oven- dry basis). : 

Ratio of SiO, to AlO; equals to 


pu Yr. 2. 4. 8 25. 

1°3 — 525 - 20% — go — 323 = 49 
2°9 — 632 — 29°70 — 135. — 375 — 76 
46 + .17°5 — 21 + :12°5 + 72°95 +2249 


71 +480 +181'5 - +267°6 9 +213°7.  +426'9 
98 +545 +267°5- +320 +2974 +4702 
12°5 +575 +310 +337°6 +350 +4918 


TABLE XXIII. * 


Base-uptake per 100 g. of electrodialysed kaoiin (oven- dry basis). 


Minerals. pu—>1'3 2°9 46 71 9°8 12°5 
Bauxite —0'94 —o'5I —0°26 +22 +88 . +18'0 
Halloysite —85 —3°6 —2°6 +038 °* +9'5 +34°3 
Kaolin 90° +4'2 +42 +4°5 +7'0 +180 
Limonite 25S), ~—18 —3°1 —0'88 +0°75 +118 
Mentnonlle: —5s'r * -17 -1'5 + 0°38 +4'5 +10°5 


* Date taken from tHe paper of Raychaudhuri and Basuraychaudhnri ‘loc. cit, p. 145.) 


- 
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It will be observed frdm Fig. 6 that the uptake of base by pure gels 
of silica and alumina are comparatively small. The uptake of base is 


M. equiv. of the base taken per 100 g, of sol (oven- dey basis), 


—r00 “Oo +100 -++200 +300 








12'5 
98 
t . 
46 
2°9 

The numbers against the 

curves refer to the mixing ratio 

Si03/Al,03. 

1°3 


greatest with precipitated gel having SiO,/Al,0,=8. This is in accor- 
dance with current view (cf. Weigner, loc. cit.) that at a particular 
SiO,/Al,0, ratio the base exchange capacity is a maximum. The con- 
clusions from ion adsorption experiments (vide Fig. 2) also point to such 
a maximum. But the uptake of acid (HCl ‘o4N, vide Tables XXI 
and XXII) does not give a maximum with high SiO,/Al,0, values. This 
is due to the acidic nature of SiO,. Also the base combining capacity of 
sample with SiO,/Al,O; ratio=1 is higher than with a sample with 
SiO,/Al,0, ratio=2. This may be explained by the fact that a large 
amount of aluminium facilitates both acid and base uptake due to the 
ampholytoid natuie of alumina. But pure aluminia does not give high 
values, as the pure gel loses its structure. Fig. 7 shows that precipitates 
_ with silica-alumina ratios of 2 and 4 give buffer curve which are similar, 
only a shift to the acid side happens, corroborating the view postulated 
before that these two samples would, to some extent, show similar pro- 
perties. As expected, precipitates with silica-aluinina ratios of 8 and 25 
give dissimilar curves. Precipitate with silica-alumina ratio of x givesa 
curve which has got the highest buffer capacity, All the curves in Fig. 7 
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M. equiv of i ia of gel (oven- dry basis). 
200 + 200 +400 +600 
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Meo ee 


Fic. 8. 


M. equiv of base/1oog. of mineral. 
~I0 —-5 Oo +5 +10 +15 +20 +25 
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have one chatacteristic i.e. at low px the acid uptake decreases with 
decrease of fs . ‘This may be due to the presence of aluminium ions on 
the surfaces of the precipitates, set free by treatment with hot AICI; solu-. 
tion (cf. the buffer curve for Al,O, gel in Fig. 8 at low bu values). Fig. 
8 shows that of all the clay-forming minerals studied, halloysite possesses 
maximum buffer capacity, next in order being montmorillonite and bauxite. 
Kaolin and limonite possess very low buffer capacity. 

A comparison of Fig. 8 shows that the buffer curves of the 
naturally occurring minerals do not correspond much in nature to the 
buffer curves obtained with electrodialysed precipitated gels of alumino- 
silicates and of the same gels after treatment with hot 10% AICI, solution 
and subsequent electrodialysis. Moieover, the buffer capacities of the 
naturally occurring minerals are much lower compared to those of the 
_syuthetic gels. ‘This dissimilarity in the nature of the buffer curves of 
the synthetic and naturally occurring clay-forming aluminosilicates suggests 
that ageing of the precipitates may have considerably altered their pro- 
perties. It would therefore be interesting to compare the properties of 
synthetic ‘aluminosilicate gels after considerable ageing and of naturally 
occurring aluminosilicates which could not be undertaken in the present 
work. 
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INFLUENCE. OF TEMPERATURE ON THE SLOW AND 
INDUCED OXIDATION OF GLUCOSE IN THE DARK. 


By N. R. Daar. 


Aqueous solutions of glucose containing sodium hydrogen phosphate have been 
oxidised in the dark at temperatures 10°, 20°, 30°, 40° and 50° by passing a current of 
air and the temperature coefficient of this reaction for a 10° rige between 10° and 30° is 
approximately 2°5 and between 30° and 50° it is less than unity. When the same re- 
action is carried on in presence of ferrous hydroxide as inductor, the temperature co- 
efficient between 10° and 30° is approximately 1°8 and between 30° and 50° it is less than 
unity. When cerous hydroxide is nsed as an inductor the velocity of the reaction is 
greatly increased fut the temperature coefficient is almost unity between 10° and 50°, 


The slow and induced oxidation of glucose and other carbohydrates 
and of other energy-rich materials has been studied in these laboratories 
by several workers and the conclusions arrived at have been made use of 
in ‘explaining the mechanism of oxidation in the animal body, plants and 
in soil. So far the experiments were carried on either in thé diffused 
light or in bright light. But as the reactions in the animal body take 
place in the dark and under different temperatures, the study of these 
induced and slow reactions in vitro under these conditions may throw light 
on metabolic processes. The following. experiments have been 
undertaken. . 

‘The reaction bottles employed were coated outside with Black Japan 
enamel to cut off light, carefully cleaned and dried and were fitted 

’ with rubber corks having double bores. Chemically pure glucose solutions 
together with inductors were put in these bottles and a curtent of air, freed 
from carbon dioxide by passing through a’ 50% solution of sodium hy- 
droxide and tested by passing through baryta solution, was aspirated through 
the mixture in the reaction bottles which were maintained at various cons- 
tant temperatures in thermostats. 

‘The inductors used were freshly precipitated ferrous and cerous 
hydroxides and 20 c.c, of N/10- -sodium hydrogen phosphate solution were 
also added to the glucose solution in the reaction bottle. The experiments 
were carred out at 10°, 20°, 30°, 40° and 50°. 

After passing the total amount of air, the hydroxides were coagulated 
‘and precipitated by the addition of potassium sulphate. ‘The mixure was 
filtered after warming it a little and the amount of unoxidised glucose was 
estimated by means of a standard Fehling’s solution. .’Total volume of 
solution was 200 C.c. and the total amount of ‘glucose in each case was 
equivalent to 0'2308 g. of CuO per 0 c.c.. of glucose solution. 


~— 
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Tabie I. 

Temp. CuO corresp. % Oxida- CuO (100 cc. % Oxidation CuO .corres- % Oxida- 
amount after tion of solution) of glucose in ponding (100 tion of glu- 
oxidation glucose corresponding presence of c.c. soln) cose with 
witbont in- without amount with Fe(OH), as with 4730¢.c. cerous hy- 
ductor (100 inductor. 20c.c. FeSO, inductor. cerous chlo- droxide as 
é.c, soln.) =0'5 g. Fe,Os. ride=o1 g. inductor. 

cerous 
hydroxide. 
10° o'agsag. 184 0°2324 g. " 3°K0 0°1567 g. 34°60 
_ 20° 02286 4°51 0°2261 5 60 © 1557 34°96 

30° 0'2134. «T1094 0'2158 ; 9°95 © 1465 ~ 3875 

40° 072252 601 0°2242 6°26 o"mgso 43°70 

50° 02296 4°01 02270 5°10 0°1220 49 00 

TABLE II. 
Temp. range ratio Temp. coeff. Temperature coefficient with inductor. 
of vel, coeff. . without inductor. Ferrous hydroxide. Cerous hydroxide. 
Ky/Ky0 2°45 rg I Or 
Ky/Kqo 2°42 177 rit 
Ky/Kgo Less than unity Less than unity 112 
Ky/Ky : ” » _ ir 


It appears from Tables I and II that the velocity of the oxidation of 
glucose goes on increasing up to a certain optimum temperature, which, ‘in 
the case of ferrous hydroxide or in its absence, lies between 30° and 40°. 
In the presence of cerous hydroxide as inductor, however, the velocity of 
oxidation goes on increasing continuously and the velocity is higher at 50° 


than at Jower temperature. The anomalous behaviour of cerium is interest- 


ing. As the body reactions take place at an optimum temperature, the 
above observations on the oxidation ‘of glucose without any inductor and in 
presence of inductors in vittro may be’ utilised i dn explaining the probable 


metabolism of glucose i in the animal body. 
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A NOTE ON THE ACTION OF THIONYL CHLORIDE. oN 
2 3- OXYNAPHTHOIC Oe 


By J. W. Arran anv S, V. SHaz. 


Meyers (Monatsh, 1905, 22, 791) on treating 2°3-oxynaphthboic acid with 
thionyl chloride at 50° obtained its acid chloride, m.p. g1-92°, whereas 
Kostanecki (Ber., 1882, 28, 1642) distilled 2:3-oxynaphthoic acid with acetic 
anhydride and obtained y-dinaphthoxanthone. 


Cee 


(1) . 


The dehydration product obtained in the present investigation has been 
assigned a structure (I) on the strength of molecular weight determination. 
On being boiled with sodium hydroxide solution, the ring is opened up 
and 2:3-oxynaphthoic acid is re-obtained. 

Attempts have been made to obtain Kostanecki’s compound for 
comparison purposes, but only acetyl derivative is obtained. Kostanecki’s 
compound is described as dissolving in concentrated sulphuric acid forming 
brown solution with fluorescence, but the dehydration product, obtained in 
the present investigation, does not behave siiilarly. 


Thus thionyl chloride is not found to introduce sulphur atom in this 
case, as it does in the case of 1:2-oxynaphthoic acid (Airan and Shah, 
J. Bombay Univ., 1942, 10, 128) nor does it bring about either chlorination 
or acid-chloride formation, under the conditions described. 

-. Thionyl chloride (30 c.c.) was added, 5 c.c. at a time, in about 
20 minutes to 2:3-oxynaphthoic -acid (5 g.) heated in an oil-bath at 
110° in a distilling flask provided with a dropping funnel. The dry 
residue was extracted with chloroform, and ether was added to the 
chloroform solution when immediately a yellow solid separated. ‘This 
was filtered, washed with ether, and treated with carbon tetrachloride 
in a Soxhlet apparatus to rid the compound of any free sulphur sticking 
to it, m.p. 240°, yield 50%. It gave no test for sulphur, i.ydroxyl 
group or carboxyl group. It is insoluble in dilute sodium hydroxide, 
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and has to be boiled with it in an evaporating dish for a fairly long time 
to dissolve it. From this solution a solid was obtained (by reprecipitation 
with hydrochloric acid), m.p. 214° (nixed m.p. with 2:3-oxynaphthoic acid). 
[Found: M. W. (freezing point in nitrobenzene), 155°3; Equiv., 189'2. 
CiiH.O; requires M. W., 170; Equiv., 170]. 


RayaRaM COLLEGR, KOLHAPUR. Received May 21, 1942. 
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NITRATION OF 5-HYDROXY-4-METHYLCOUMARIN AND 
5-HY DROXY-4-METHYLCOUMARIN.-6-CARBOXYLIC 
ACID AND ITS METHYL ESTER. 


By N. B. PargkeH AND R C. Swan. 


5-Hydroxy-4-methyleonmarin on nitration at o° affords 5-hydroxy-4-methyl-8- 
nitrocoumarin and at higher temperatures the 6 8-dinitro derivative The nitration 
of 5-hvdroxy-4-methylconumarin-6-carboxylic acid and its methyl ester affords 8-nitro 
derivatives, and the 8-nitro-acid on decarboxylation gives 5-hydroxy-4-methy]-8-nitro- 
coumarin, identical with the mono-nitro product of 4-methyl--bydroxycoumarin 


The nitration of coumarin itself and its hydroxy aud methoxy derivatives 
has been investigated by a number of workers (Bleibtren, Annalen, 1855, 98, 
252; Tage, Ber., 1887, 20, 2110; Morgan, J. Chem. Soc., 1904, 8B, 1233; 
Francis, Ber., 1906, 89, 3803 ; Clayton, J. Chem. Soc., 1910, 97, 1397; 
Pechmann and Cohen, Ber., 1884, 17, 2136; Pechmann and Obermiller, 
ibid., 1901, 83, 666; Fries and Lindemann, Annalen, 1848, 67, 404; Dey 
and Krishnanmurthi, J. Indian Chem. Soc., 1927, 4,197; Dey and Kutti, 
Proc. Nat. Inst. Sci., 1940, 6, 641). As 5-hydroxy-4-methylcoumarin and 
its derivatives have become recently available (Sethna, Shah and Shah, 
J. Chem. Soc., 1938, 228), it has been thought interesting to study the 
substitution in such derivatives and to find out the reactivity of 5-hydroxy- 
coumarin nucleus. In this communication, the nitration of 5-hydroxy-4- 
, methylcoumarin and 5 hydroxy-4-methylcoumarin-6-carboxylic acid and its 
methyl ester has been investigated. 
5-Hydroxy-4-methylcoumarin (Sethna, Shah and Shah, loc. cit.) 
has been nitrated under different conditions: [he mono-nitro product, 
(174-76°) is obtained without difficulty on treating the coumarin with a 
mixture of concentrated sulphuric acid and nitric acid (d 1°42) at 0°-5°. 
The -product (m.p. 174-76°) is boiled with concentrated ammonia; on 
acidification the unchanged product is recovered, showing that the nitro 
group. does not enter the pyrone ring (vide Clayton, loc. cil.). Of the 


O te ~ 





oO 8 i NO; O 
- ae ~ “CO ee: 
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HO c HO a HO S 
Me Me =. Me 
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following alternative structures, (I) is eliminated as OH is always o-p-direc- 
ting. “Of the remaining (II) and (III), 5-hydroxy-8-nitro-4-methylcoumarin 
structure (III) probably represents the product (m.p. 174 76°) as it gives only 
a feeble ferric chloride colouration since it corresponds ao nitrophenol. 


NO, O : NOE e 
£3 S86 
eee " MeOOC ee 
HO ‘ 06 : 
Me she 
(IV) (Vv) 


In order to establish the above structure definitely, the nitration of 
5-hydroxy-4-methylcoumarin-6-carboxylic acid and its methyl ester has 
been studied. In this case, the position 6 is blocked up and the possibility 
for the entry of nitro group is only 8 or 3 position or both. Methyl 
5-hydroxy-4-methylcoumarin-6-carboxylate (Sethna et al., loc. cit.), 
gives on nitration a mono-nitro product (m.p. 201-2°), which on 
hydrolysis gives the acid (m.p. 220-21°), identical in all respects to 
the uitro-acid obtained by the direct nitration of 5-hydroxy-4-methyl- 
coumarin-6-carboxylic acid (Sethna et al, loc: cit.) under the same 
conditions as in the case of the ester, the nitro-acid (mp. 220-21°), 
is boiled with concentrated ammonia; but the original product is recovered 
on acidification, showing that NO, has not entered the pyrone ring. 
Thus the nitration has be-n effected in 8-position of the coumarin nucleus, 
in both the acid and the ester, yielding 5-hydroxy-4-methyl-8-nitro- 
coumarin-6-carboxylic acid (IV) and its ester (V) respectively. : 

The decarboxylation of the acid (IV) gives a product (1.p. 174-76°) 
identical in all respects with the nitration product of 5-hydroxy-q-methyl- 
coumarin, which is thus definitely proved to’ be 5-hydroxy-8-nitro-4- 
methylcoumarin. 

The nitration of 5-hydroxy-4-methylcoumarin at room temperature 
gives the dinitro product (m.p. 181-82°). Its behaviour with boiling 
ammouia shows that none of two NO, groups enters the pyrone ring. 
It has, therefore, been assigned the structure 5-hydroxy-4-methyl-6:8- 
dinitrocoumarin. . 

Pechmann and Oberiniller (loc. cit.) found that in nitration of the 7- 
hydroxycotimarin, the nitro group had entered the position 8.° The same 
coumarin shows reactivity in 8-position in other reactions also (vide Ranga- 
swami and Seshadri, Proc. Indian Acad. Sci., 1337, 6A, 122; Sp&th and 
Pailer, Ber., 1935, 68. 941 ; Baker and Lothian, J. Chem. Soc., 1935, 628; 
1936, 275). The results of nitration of 5-hydroxy-4-methylcoumarin show the 
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reactivity in 8-position which is fara to OH in 5-position of the coumarin 
nucleus. If the fixation of double bonds had taken place under the experi- 
mental conditions,, the’product should have been 6-nitro derivative. In this 
connection; it- may -be~ mentioned that 5-acyloxy-4-methylcoumarins 
undergo the Fries migration to’ give 6-acyl derivatives (Sethna, Shah and 
Shah, ae Chem, Soc., oe 228, 1424} 1939, 1250). ~The results of the 





O na aa 
CO 
ee yc 
HO ¥ HO ‘ 
S te Me 


(A) (B) 
present investigation show that 5-hydroxy-4-methylcoumarin reacts 
sometimes in form (A) and sometimes in form (B). Further work to 
elucidate point more fully is being undertaken. 


“EXPERIMENTAL 


5-Hydroxy-8-nitro-4-methylcoumarin(II1).—5-Hydroxy-4-methylcouina- 
rifi: (o'5 g.), prepared according to the method of Sethna, Shah and 
Shah (Joe. °cit.); was added to a mixture of nitric acid (d 1°42, 0°8 c.c.) 
and concentrated sulphuric acid-(z c.c.), the temperature being kept 
within 0° oe by keeping. it in ice-bath. The reaction mixture was kept 
at: the’ same temperature for 1 hour with stirring and the pasty mass then 
added to. water. The product that separated was washed with water 
and sodium bicarbonate (5%, 5 ¢.c.), dried and crystallised from’ acetic 
acid (cHartoal) in golden yellow prisms, m.p. 174-76° (efferv.), yield o'2 g. 
It: givesslight reddish colour with alcoholic ferric chloride. (Found: 
N; 6°7. CygH,O,N requires N, 6°33 per cent). 
"| “The nitro ‘compound was boiled with concentrated ammonia but -it was 
recovered unchanged. ~ . 
-" Methyi 5-H ydroxy-8-nitro-4-methylcoumarin-6-carboxylate. (V).— 
Methyl] 5-hydroxy-4-methylcoumarin-6-carboxylate (4 g.), prepared accord- 
ing: to “Sethna ef al. (loc. cit.), was dissolved in glacial acetic 
acid (80 ¢.t.) Rnd -nitric acid (d 1°42, 32¢.c.) added drop by drop: It 
was then refluxed on a water-bath for 20-30 minutes, cooled and crystallised 
from acetic acid as golden yellow needles, m.p. 201-02°, yield 2g. 
A further quantity was recovered from mother-liquor by extracting with 
ether. (Found: N, 5°13. Ci:H,O;N requires N, 5°0 per cent). 

s-Hydroxy-8-nitro-4-methylcoumatin-6-carboxylic Acid (IV).—(i). The 
above ester (05 g.) was shaken up ‘with sodium hydroxide (10%, 20 c.c.) 
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and kept for 60 hours. ‘The solution was filtered and acidified. ‘Ihe 
solid crystallised from hot water as yellow needles,’m p. 220-21° (efferv.), 
yield o'2g. (Found: N, 5°6. C,,H,O,N requires N, 5°3 per cent). 

(ii) The ester was conveniently hydrolysed by heating the above 
quantities of the ester and alkali on a water-bath for 20-30 mjnutes. ‘This 
method is more. convenient for hydrolysis of the.ester than (i). 

(isi) 5-Hydroxy-4-methylcoumarin-6-carboxylic acid (5 9.) was dis- 
solved in hot glacial acetic acid solution and nitric acid (d 1°42, 40 c.c.) 
added to it while hot, and then the mixture refluxed on a water-bath for 
20-30 minutes. It was cooled, diluted with ice-water, the product 
was collected, washed and crystallised from water as yellow needles, m.p. 
220-21° (efferv.), identical in all respects with 5-hydroxy-8-nitro-4-methyl- 
coumarin-6-carboxylic acid obtained above, yield 24g. The mixed m.p. 
was unaffected. 

The acid gives effervescence with sodium and pétasstute bicarbonates 
forming sparingly soluble salts; it dissolves in alkali with non-fluorescent 
yellow colour, and gives red colour with alcoholic ferric chloride. 

Decarboxylation of 5-Hydroxy-8-nitro-4-methylcoumarin-6-ca1boxy- 
lic Acid.—The acid (0°8 g.) was heated with water (20 c.c.), glacial acetic 
acid (8 c.c.) and concentrated hydrochloric acid (4.c.c) in a sealed tube 
for 7-8 hours at 135°-140°. The solution was filtered and extracted with 
ether. The acetic acid was removed over sodium hydroxide in a vacuum 
desiccator; the residue crystallised from glacial acetic acid (charcoal) as 
yellow prisms, m.p. 174-76° (decomp.), yield o'2 g. The product was 
identical in all respects with the nitration product of 5-hydroxy-4-methyl- 
coumarin described before (mixed_m.p.). : 

5-Hydroxy-6:8-dinitro-4- -methylcoumarim. meas Aas arencertncthy boudias 
rin (x g.) in acetic acid solution (15 ¢.c.) was treated with concentrated: 
nitric acid (8c.c.) dropwise with shaking and cooling under tap. The 
mixture was left overnight, diluted. with water; the product collected - 
and crystailised from aqueous methyl alcohol as yellow. prisms, m-.p. 
181-82°, yield. 0/4 g. (Found: N, 10°8. CiHsO,;N, requires, N; r10'5 
per cent). 

The dinitrocoumarin (o'2 g.) was dissolved in,concentrated ammonia. 
(ro c.c.) and boiled for nearly 3 hours. On acidification, the unchanged. 
product, m.p. 180-82°, was recovered, 

One of the authors (N. B. P.) thanks Dr. S. M- Sethna for his help. 
and interest. 
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ALUMINIUM CHLORIDE—A NEW REAGENT FOR THE CON.’ 

DENSATION OF #-KETONIC ESTERS WITH PHENOLS. 
PART VII. THE CONDENSATION OF 4-NITRO- 
RESORCINOL WITH ETHYL ACETOACETATE. 


4 


By N. B. Pargke AND R. C. SHAH. 


In coutinuation of the previous work, 4-nifroresorcinol has been successfully 
condensed with ethyl acetoacetate in the presence cf aluminium chloride. The product 
has been proved to be 4-methy]-5-hydroxy-6-nitrocoumarin, which has been degraded to 
the corresponding mono- and dimethoxycinnamic acids The formation of the 5-hydroxy- 
coumarin derivative shows for the first time that under the experimental conditions, the 
chelation between the OH and NO, groups in 4-nitroresorcinol, leads fo a fixation of 
the double bonds and consequent stabilisation of one of the Kekule forms. 


In the previous parts of this series, it is shown that methyl 8-resorcylate, 
B-resorcylic acid, resacetophenone and similar phenolic compounds condense 
with ethyi acetoacetate in the presence of aluminium chloride with the 
formation of otherwise difficultly accessible '5-hydroxycoumarins in good 
yields (Sethna, Shah and Shah, J. Chem. Soc., 1938, 228; Sethua and Shah, 
ibid., 1938, 1066; Shah and Shah, ibid., 1938, 1424; Deliwala and Shah, 
ibid., 1939, 1250; Proc. Indian Acad. Sci., 1941, 18 A, 352). The reacti- 
vity in 2-position of the resorcinol nucleus in the formation of the above’ 
5-hydroxycoumarin derivatives is explicable on the view of fixation of 
deuble bonds in the benzene nucleus, the chelation between OH‘ aud 

COOR (R=H or Me) or CO’R(R=Me, Et, Ph, etc.) bringing about 
that state in presence of aluminium chloride (Shah and Shah, loc. cit.), 


The condensation of 4-nitroresorcinol with ethyl acetoacetate described 
here has been undertaken to extend the above observations in the case of 
nitro group. 

4-Nitroresorcinol on condensation with ethyl acetoacetate in the presence 
of aluminium chloride gives a product (m.p. 209-10°) in poor yield. ‘The 
structure, 5-hydroxy-6-nitro-4-methylcoumarin (I) has been assigned to it 
on the following grounds : (#) It gives a strong ferric chloride colouration 
and dissolves in alkali with non-fluorescent yellow colour; (i) it is found 
non-identical by direct comparison with 5-hydroxy-8-nitro-4-methylcou- 
marin obtained by decarboxylation of 5-hydroxy-8-nitro-4-methylcoumarin- 
6-carboxylic acid (This tssue, p. 340); (ii) its non-identity with 7- 
hydroxy-6-nitro-4-methylcoumarin (IT) (Chakravarti and Banerjee, J. Indian 
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Chem. Soce., 1937, 1%, 37) as shown by direct comparison ; and (iv) the con- 
densation product has been definitely proved to be a coumarin derivative by 
converting it into methylated cinnamic acids (IIJ) and (IV) by the modified . 
method of Shah and Shah (J. Univ. Bombay, 1938, 7, 213) 


‘ O Doe O as 
- co - - HO Ake 
' sol cH NOg H 
- HO c . c 
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._Me oi 3 Me 
Qo . ~  () , 
OMe "+ H NoMe’ 
NOs ‘C=CH-COOH NOs. /c=CH-COOH 
"HO ye au MeO wre Ma 
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It is generally accepted that the chelation between OH-and COMe 
in resacetophenone and OH and COOMe in methyl A-resorcylate stabilises 
one of the Kekule forms (Baker and co workers, J. Chem. Soc., 1934, 1686 ; 
1935, 628, et seg.) but 1m case of 4-nitroresorcinol no definite conclusion seems 
to have been arrived at on this point (Baker and Lothian, J. Chem. Soc., 

"1936, 276). The formation of 5-hydroxy-6-nitro-4-methylcoumarin in the 
present condensation shows that chelation between NO, and OH in 4-nitro-- 
resorcinol under the experimental conditions, leads to a fixation of .the 
‘double bonds in the benzene nucleus, as shown below, one of the Kekule. 
forms being thus stabilised, and the carbon atom, which is joined to 
the carbon atom bearing the hydroxyl group by a double bond, being 
activated. _ sO . 13 
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EXPERIMENTAL, 


Condensation of 4-Nitroresorcinol with Ethyl Acetoacetate in presence 
‘of Aluminium Chloride: Formation of 5-Hydroxy-6-nitro-4-methylcou- 
marin (I).—Anhydrous 4-nitroresorcinol (4 g., 1 mol.), and acetoacetic ester 
(5°2 g., I°r mol.) were dissolved in dry nitrobenzene (15 c.c.). Aluminium 
chloride (E. P. ro’2g., 3 mols.) in dry nitrobenzene (25 c.c.) was 
added and the mixture protected from moisture was heated at r10-15° for 
t hour. The mixture was cooled, crushed ice and concentrated hydrochloric 
acid (5 c.c.) added and nitrohenzene steam-distilled. After removal of nitro- 
benzene, it was filtered while hot to remove some tarry material and kept in 
frigidaire. Next day the substance separated in fine needles along with 
some uncondensed product. ‘The mixture was dissolved in excess of hot 
water (r00 c.c.) and kept in frigidaire for 4-5 hours, when 5-hydroxy-6-nitro- 
4-methylcoumarin separated in fine lustruous needles ; recrystallised from 
hot water and a drop of concentrated hydrochloric acid, ithad m.p. 209-10°, 
yield o'2g. (Found: C, 542; H, 33; N,6'2. CiH,rO,N requires 
C, 54°3; H, 32; N, 6°3 per cent). 

It is sparingly soluble in alcohois, benzene, chloroform and 10% sodium 
hydroxide ; it is more soluble in acetone and acetic acid. It gives with alkalis 
a deep yellow non-fluorescent colour characteristic of a 5-hydroxycoumarin 
(Collie and Chrystal], J. Chem. Soc., 1907, 91, 104; Dey, ibid., 1915, 107, 
1614) and intense violet colouration with alcoholic ferric chloride. 

The above condensation was attempted using dry ether asa solvent but 
no definite product could be isolated. It may be noted here that the quality 
of aluminium chloride affects considerably the quality and yield of the con- 
densation product, and that the condensation in small lots (3 to 4 g.) gives 
correspondingly increased yields than by working with large quantities of 
4-nitroresorcinol at a time. 

The methyl esler, prepared by methyl iodide in presence of acetone and 
potassium carbonate, crystallised from hot water as clusters of tiny needles, 
m.p. 132-33°. (Found: C, 56°2; H, 3°6; N, 6'2. C,,;H,OsN requires C, 
56°2 ; H, 3°8; N, 60 per cent). 

Conversion of 5-Hydroxy-6-nitro-4-methylcoumarin into o-Methoxy- 
cinnamic Acids: Formation of 6-Hydroxy-2-methoxy- and 2:6-Dimethoxy- 
5-nitro-B-methylcinnamic Acids (III and IV).—To the coumarin (0’2 g.) in 
acetone solution, was added dimethyl sulphate (2 c.c.) and the solution 
_ treated with sodium hydroxide (10%, 10 c.c.) with continuous shaking and 
cooling under tap water. More alkali and dimethyl sulphate (2 c¢.c.) were 
added with shaking and the.mixture distinctly alkaline left overnight. It 
was filtered, acidified with dilute hydrochloric acid and extracted with ether, 
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The acid crystallised from hot water and a drop-of concentrated hydrochloric 
acid, m.p. 162-63° (efferv.). It gives violet colouration with alcoholic ferric 
chloride and dissolves in sodium bicarbonate solution with effervescence. 
(Found: C, 50°5; H, 4’9. CiuH,,O.N, 4H.0,require,C, 50°43; H, 5'0 
per cent). : ue 
If the above conversion is carried out at the temperdture of water-bath 
using more: dimethyl sulphate (7 c.c.) and stronger alkali (20%), 2 : 6-di- 
methoxy - 5 - nitro - 8 - methylcinnamic acid is obtained, which crystallises 
‘from hot water, m.p. 206-8°. It decolourises bromine water and potas- 
sium permanganate solution and gives no ferric chloride colour test. 
(Found: C, 53°63; H, 5x: N,4’9. CisH,sO.N requires C, 53°09; H, 4'9; 
N, 5°2 per cent). at , 
All analyses are micro-determinations by Mr. M. R. Patkar, M.Sc. of 
this Institute. 


One of the authors (N. B. P.) thanks Dr. S. M. Sethna, M.Se., Ph.D. 
for his interest and help. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
Tar Roya. Insrrrore oF SCTENCE, , 
BOMBAY. Received May 4, 1942. 
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PHENYLTHIOCARBAMIDES. A CONTRIBUTION TO THE 
STUDY OF FHE TRIAD -N.C.S- ° PART XII. PHENYL- 
CYANAMIDE, ITS PROPERTIES AND DERIVATIVES. 
THE PHENYLHYDRAZINE a-CARBOXYLIC AGID. 


o 


8 . 
By RAMCHANDRA SAHASRABUDHEY AND Hans KRALL. 


Phenylcyanamide has been obtained by the desulphurisation of phenylthiocarbamide 


” by copper acetate in alkaline or neutral medium ‘The properties of phenylcyanamide 


and of its derivatives have been investigated and the isolation of the hydrochloride of 


phenylhydrazine-a-carboxylic acid is described. 


The close relationship of phenylcyanamide with phenylthiocarbamide : 
necessitated an investigation of its properties because it appears not to have 
been systematically studied and the data are incomplete and misleading. 
‘The easiest method of its preparation is by desulphurisation of phenylthio- 
carbamide in an alkaline medium. Lead acetate, lead oxide and benzyl! 
chloride were used for this purpose by the earlier workers (Rathke, Ber, 
1879, 12, 772; Feurlein, ibid., p. 1602; Hofmann, Ber., 1885, 18, 3217; 
Berger, Monatsh, 1884, 5, 317; Traube and Wedelstadt, Ber., 1900, 83, 
1383: Fromm, Ber., 1895, 28, 1302). We have found copper acetate to act 
in an analogous manner. in N/2 alkaline medium the yields are 75 and 65% 
respectively for lead and copper acetate. An excess of copper acetate or lead 
acetate does not affect the yield but an increase in the alkalinity of the 
medium from N/2to2N concentration increases the yield by about 10%. 
The action of copper acetate is remarkable in that it can also desulphurise 
phenylthiocarbamide in an aqueous medium ; the yield of.phenylcyanamide 


+ is, however, poor. 


Hofmann and Feuerlein (loc. cit.) assigned the composittons 
Ph'NH'CN,4H,0 and (NH :C: NPh),°3H,O respectively to the hydrates 
of the compound. Our results, however, show that the compound is a cyan- 
amide and not carbodiimide and that different hydrates are formed at differ- 
ent temperatures. ops 

The hydrates of ph enesanan dite. At about 30° monohydrate is 
chiefly formed while at 0° to 15° trihydrate with possibly smaller quantities 
of a still higher hydrate is the chief product. These various hydrates lose 
water of crystallisation spontaneously at ordinaity temperatures or on 
warming and it is probably due to this property that Hofmann and Feuerlein 
assigned the above formulae. When dehydrated i in a vacuum desiccator over 
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concentrated sulphuric acid or otherwise (vide infra) they are converted into 
anhydrous phenylcyanamide, which is a thick viscous liquid. 

Polymerisation. Phenylcyanamide in absence of a solvent undergoes 
quick polymerisation, triphenylisomelamine (Hofmang, loc. cit.) being 
exclusively formed. The crystals of the hydrate are completely changed 
when heated on a water-bath for half an hour. At ordinary temperatures the 
oe hydrate takes about one week, whilst the anhydrous product completely poly- 
merises within 48 hours. *The kinetics of polymerisation could not be 
studied owing to difficulties in the estimation of the compound in aqueous 
solutions. 

Phenylcyanamide is very soluble in ether and an ethereal solution, 
dehydrated over sodium sulphate, keeps unchanged for long periods. In 
acetone also it is easily soluble and this solution has good keeping qualities 
but a benzene solution throws down the insoluble triphenyilisomelamine in a 
comparatively short time. 

Estimation. Conditions for the estimation of phenylcyanamide in 
aqueous solution have been ascertained. ‘It is precipitated as silver salt with 
an‘excess of silver nitrate, the excess being then volumetrically estimated. 

Reduction of phenylcyanamide Phenylcyanamide is reluctant to 
undergo reduction. Ammonia and aniline were detected when reduced with 
zinc and sodium hydroxide. It may be recalled that all attempts to reduce 
phenylthiocarbamide without breaking it down have failed. ‘ 

Action: of metallic sodium on anhydrous phenylcyanamide. A sodium 
derivative with the composition C,;H;N,Na is obtained. When heated it 
melts above 300° and then burns off leaving a residue of sodium cyanide. 
The structure of the sodium salt is PhHN’NaCN as suggested by the tollow- 
ing reaction 


C,H,N,Na + BrCH,CH.Br —> Ph—-N—-CN + NaBr 
| 
CH,'CH,Br. 


Calcium chloride in ethereal solution probably throws down the calcium salt 
but this has not been examined. Discussion of the bearing of these results 
on the prvblem of constitution of phenylthiocarbamide is postponed pending 
the completion of further investigations, now in progress. : 


EXPERIMENTAL. 


Preparation of Phenylcyanamide.—Phenylthiocarbamide (5 g.) was 
dissolved in about 100 c.c. of boiling water and to this were added the requi- 
site quantities of alkali and the lead or copper acetates, also in boiling hot 
solution. ‘The quantity of alkali was so taken as to completely cover the 
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neutralisation of the acetic acid of the Salt added with enough excess to 
render the medium alkaline to the desired. concentfation. The ‘total bulk of 
the mixture varied between 130 and x50 c.c.‘ Immediately on addition of 
the lead or copper esalt a black precipitate came down. ‘The mixture. was 
boiled for 10 minutes, then cocled and filtered. The filtrate.was surrounded 
with ice and phenylecyanamide precipitated with a slight excess of strong 
-acetic acid * * : 


Determinairon of the Water of Hydration. 


(i) Phenylcyanainide was dissolved in hot water and the crystals that ~ 
came down at about 30° collected and dried. Known weights of these were 
allowed to polymerise at ordinary temperatures as also by heating on a water- 
bath tillthe m.p and weight were constant. Water of hydration is lost in 
this précess. In various experiments 17°5 to 22.0 g. of water were found 
to have combined with every 118 g. of PhHNH'CN indicating that a 
about 30° monohydrate is chiefly obtained. — : 

(ii) In another set of experiments anhydrous phenylcyanamide was 
rehydrated with ice-cold water. These samples when dehydrated were found 
to contain about 3 moles of water for every mole of PhNH'CN. In one 
experiment as many as 4 moles of water were found. ; 

(iii) Measurements of heats of hydration were conducted at 10°, 15° 


“~? 


and 20° but almost constant values were obtained. a. 3 


Polymerisation of Phenylcyanamide. 


When anhydrous phenylcyanamide or the hydrate was allowed to stand 
at ordinary temperatures or warmed triphenyltsomelamine, crystallisable from 
dilute alcohol, was obtained, m.p. 185°. “(Found : N, 23°4. Calc. for tri- 
phenylisomelamine : N, 23'7 per cent). : 

A benzene solution also deposited triphenylisomelamine. Aqueous solu- 
tion of phenylcyanamide also deposits the crystals of triphenylisomelamine. 


Hydrolysts of Phenylcyanamide. 


Action of Water and of Aqueous Acids and Alkalis.—Solubility ‘of 
phenylcyanamide in water is less than 1%. In neutral solutions hydrolysis 
to phenylurea is not observed but polymerisation to triphenylisomelamine 
occurs followed by other complicated changes: First into a compound 
which crystallises from water in long white fibrous crystals, m.p. 209°. 
This change takes place even at ordinary temperatures and alsoin alcoholic 
solutions and is accelerated ina slightly alkaline medium. On prolonged 
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boiling with water or alkali it redissolves undergoing ‘further chemical 

changes, probably forming some oxy derivative. Phenylcyanamide is easily 

soluble in glacial acetic acid and in aqueous solutions of mineral acids. 

In aqueous acidic solutions there is no evidence of pojJymerisation but it 

is quantitatively hydrolysed to phenylcarbamide The rate of hydrolysis in 
. mineral acid solutions has been found greater than in acetic acid solutions. 

Aqueous caustic alkalis and ammonia simply dissolve phenylcyanamide. 
Evidently the alkaline metal salts ‘are formed in solutions, and even in 
presence of an excess of alkali it does not undergo any further changes, but 
can be precipitated by acids in the form of its hydrates 

Solutions of phenylcyanamide in dilute aqueous acetic acid and mineral 
acids were allowed to stand at ordinary temperatures. Estimations of 
phenylcyanamide in these were done afte: every 24 hours. It was found 
that the strength of mineral acid solutions decreased faster than acetic acid 
solutions. On evaporating these solutions on a water-bath pure samples of 
phenylearbamide were left behind. Triphenylisomelamine couid not be 
detected. 

Estimation of Phenylcyanamide.—M/r1o solution of phenylcyan- 
amide in N/4 sodium hydroxide solution was used. ‘The solution was first 
rendered acidic with known quantities of glacial acetic acid and then silver 
salt of phenylcyanamide precipitated with an excess of standard silver 
nitrate solution. . 

The mixture was allowed to stand for 5 minutes, fiitered and the 
filtrate with the washings estimated for silver nitrate using N/20 
aulmonium thiocyanate by Volnards’ method. The effect of dilution was 
studied by adding distilied water to the phenylcyanatmide solution before 
precipitation, Iffect of addition of some mineral acid salts and large excess 
of silver nitrate was also studied. Phenylcyanaiwide in pure aqueous or 
alkaline solutions could be estimated with reasonable accuracy when the 
strength was below M/30 or M/35. In pure aqueous medium or in presence 
of excess of acetic acid (enough to render the solution N to 2N) it could be 
precipitated as the silve: salt with an excess of aqueous silver nitrate solution, 
the excess being estimated by Volhards’ method. Excess of silver nitrate 
did not interfere nor did an excess of acetic acid up to a concentration of 
approximately 3N. In higher concentrations of acetic acid or in more dilute 
solutions of phenyleyanamide the precipitation of silver salt was not com- 
plete aud low values were obtained. ; 

In solutions which did not contain alkali there was no need of addition 
of acetic acid, while if a large proportion of alkali be present, acetic acid had 
to be increased proportionately to suppress the hydroxyl ions. Presence of 
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inineral acids and their salts interfcred. ‘The chief limitation of this method, 
however, is the fact that the transformation products of phenylcyanamide 
also form insoluble silver salts. 


Action of dry HCI gas on Anhydrous Peay ——Dry HCl gas 
gave a pale brown liquid from an ethereal solution of anhydrous phenylcyan- 
amide. * This when immediately treated with water reverted to phenylcyan- 
amide, hydrochloric acid being dissolved away but if warmed on a water-bath 
for about half an hour it crystallised as white needles, m.p, 118°. 


The crystals are hydrolysed to phenylcarbamide liberating free acid on 
treatment with water. The HCl and PhNH’CN are preseut in 1 : 1 ratio 
indicating that the crystalline derivative is PhNH CN’HCI, M.W. 153'5. 


Action of Concentrated Sulphuric Acid on Anhydrous Phenylcyanamide. 
—Concentrated sulphuric acid when graduaily added to an ethereal an- 
hydrous solution of phenylcyanamide heat was generated and a very viscous, 
pale brown, clear liquid separated out. This was thoroughly washed with 
ether and freed fiom impurity by warming on a_ water-bath. When 
treated with water, like the hydrochloride it was hydrolysed to phenylcarb- 
amide and sulphuric acid, the quantities obtained indicating the com- 
-* position, PhNH‘CN’H,SO,. The liquid does not show any definite boiling 
point. When heated at 200° for 4 hours it is transformed into sulphanilic 
acid as shown by the molecular weight, sulphur content, the bromo derivative 
and other properties of the product. 


Action of Nitrous Acid on Phenylcyanamtde.—To 50 c.c. of a 10% 
ethereal solution of phenylcyanamide were added gc.c. of concentrated 
hydrochloric acid. A concentrated aqueous solution of 4°5 g. of sodium 
nitrite was then gradually run in with constant stirring. When effervescence 
had ceased the deep yellow compound that had separated was collected, 
yield 5°52. The compound crystallises from 50% alcohol in peg-shaped 
slender crystals, m.p. 155-56°. [Found : N, 28'2. Calc. for Ph'N(NO)'CN : 
N,-28'5 per cent]. 

It contains a nitroso group as shown by its reaction with potassium 
iodide in presence ofa mineral acid when iodine is liberated indicating the 
presence of free nitrous acid. It has, therefore, the composition PhN(NO)CN. 
When digested on a water-bath for 3 to 4 hours with an excess of sodium 
hydroxide solution, ammonia was evolved and bright orange-red needles 
separated out on concentiating the liquors. This is probably the sodium 
salt of phenylnitrosocarbamic acid, PhN(NO)'COONa.” It is very explosive. 
From an aqueous solution of this, silver nitrate precipitates a bright yellow 
silver sult which also when heated burns with amild explosion. [Found: 
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Ag, 3971; M. W., 277. Ph.N(NO)COOAg requires Ag, 39°5 per cent. 
M.W., 273]. : ; 

Hydrochloric acid throws down a very pale yellow compound from the 
aqueous solutions of the sodium salt. This is probably the free acid. It 
does not show any definite melting point. _ . 

Reduction of the Phenylnitrosocarbamic Acid.—-The sodium salt was 
warmed for a few minutes with an-excess of tin and dilute hydrochloric 
acid, and the clear solution concentrated on a water-bath when a mixture of 
the crystals of SnCl, atid the reduction product separated out. They were 
dissolved in wate: and tin removed as SnS by passing HS. When com- 
pletely freed of tin salts the residue was crystallised from dilute hydrochloric 


acid (animal charcoal). This is, Ph’N’COOH, the hydrochloride of phenyl: 
hydrazine-o-carboxylic acid. 2% 
NH,HCi. 


Carmical LABORATORIES, 
-AGRA COLLEGE, AGRA Received April 27, 1942. 


POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS. PART XI. QUANTITATIVE POTENTIO- 
METRIC DETERMINATION OF AROMATIC AMINES. 


By Balwant SINGH AND AHSANULHAQUE REHMANN. 


o-Nitroaniline, p-nitroaniline and 2: 4-diaminophenol dihydrochloride have been 
estimated by titrating them potentiometrically against potassium iodate in presence of 
hydrochloric acid and o-phenylenediamine, o-aminophenol, p-aminophenol and dipheny]- 
amine against nitrous acid, using a platinum electrode coupled with a saturated calomel 
electrode at 15°. 


The potentiometric method for the determination of the end-point in the 
titration of aromatic compounds with bromate in the presence of bromide has 
been applied by Callan and Horrobin (J. Soc. Chem. Ind., 1929, 47, 334). 
Singh and Singh (J. Indian Chem. Soc., 1939, 18, 346) used potassium 
chlorate and hydrochloric acid as a chlorinating agent in the potentiometric 
" determination of arcmatic compounds. 


_ o-Nitroaniline, -nitroamline and 2: 4-diaminophenol dihydrochloride 
“ can be chlorinated with potassium iodate in presence of hydrochloric acid 
and the reaction can be used for the potentiometric determination of these 
compounds. 


When a solution of an aromatic amine is diazotised, free nitrous acid is 
formed at the completion of the reaction. A solution of nitrous acid in 
contact with a platinum electrode gives a definite potential. Muller and 
Dachselt (Z. Elektrochem., 1925, 81, 662) studied the titration of aniline, 
xylidine and aminoazobenzene disulphonic acid. They found that the 
potential requires some time to become steady during the titration. 
Attempts were made to accelerate the reaction using higher temperatures. 
It was found that at 20° or below, the results were accurate. It is not 
necessary, therefore, to cool the mixture in ice during the titration. Singh 
and Ahmad (J. Indian Chem. Soc., 1938, 16, 416) applied the diazotisation 
method in the estimation of aromatic amines at 15°. 


Sodium nitrite, in presence of an acid, reacts with o-aminophenol, 
p-aminophenol and diphenylamine. The reactions are represented by the 
following equations : , 


C,H,.(OH)N Hy, + HNO, + HCi= C.H,(OH)N : NCi + 2H,0. 
(C,Hs)2NH + HNO,=(C,Hs)gN : NO+H,0. 
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When a dilute solution of sodium nitrite is added to a dilute solution of 
o:phenylenediamine, azoaminobenzene is formed according to the equation 
(Ladenburg, Ber., 1887, 9, 221) : 


“NH, - JNE 
CHC +HNO= CHC NH +2H,0. 
NH, NH 
& The foliowing equations represent the reactions .between potassium 


iodate and o-nitroaniline, p-nitroaniline and 2: 4-diaminophenol in presence 
of hydrochloric acid. 


C.H,NH,'NO, + KIO; + 4HCl=C,H,C],NH.NO,+ KCI+ ICl+ 3.0. 
*. 2(NH,)'C,H;'OH + 3KI0s + 12HCl= 2(NH,)2'CoCl, 0H + 3KCl + 3ICl + 9H,Q. 


These reactions have been made use of in the quantitative estimation of 
o-nitroaniline, p-nitroaniline aud 2: 4-diaminophenol dihydrochloride and 
o-aminophenol, p-aminophenol, o-phenylenediamine and diphenylamine by 
the potentiometric method. 


EXPRRIMENTAL. 


The oxidation-reduction electrode, which consisted of a bright platinum 
foil inimersed in a solution to be titrated, was coupled with a saturated 
calomel electrodethrough an agar agar-pota‘sium chloride bridge. The cell 
was placed in a water-bath the temperature of which was maintained at 15°. 
E. F. of the cell was read on a potentiometer. 

A known weight of the o1ganic compound ‘o-nitroaniline, p-nitroaniline 
and 2:4-diaminophenol dibydrochloride) was mixed with water and a 
tequired amount of concentrated hydrochloric acid (Analar) was added to 
keep its concentration above 4N. The solution was titrated potentiometri- 
cally against standard potassium iodate solution The mixture was kept 
stirred very thoroughly with a mechanical stirrer, 

o-I‘henylenediamine was titrated in presence of hydrochloric acid 
(Analar) and o-aminophenol, p-aminophenol and diphenylamine were titrated 
in presence of sulphuric acid (Analar), against standard sodium nitrite solu- 
tion On each addition of the titrant, the mixture was thoroughly stirred by 
means of a mechanical stirrer. The potentiometric readings were recorded 
5 to 10 minutes after the addition of the reagent wheu the potential acquired 
a steady value. ; 

A series of potentiometric titrations were performed with different 
amounts of each substance. One titration, as typical of each set, is recorded 
in the following tables. 
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14 16 12 14 
KIO;(c.¢.) NaNO,(c.c.) 
Tasre I. 
00970 G, of p-nitroaniline mixed with 20 c.c. of water and 25c.c. of 
concentrated hydrochloric acid and titrated against M/20-potassium iodate, 


KIO, E.M.F, B/C. K103. BML. HC, 
(m. volt/c.c.) (m. volt/c.c.) 
0"00 Cc. 0°470 volt art 13°90 C.c, 0.727 volt . 
86 640 
2’00 0°641 13°95 0°759 ; 
2 1620 
5'00 o 648 14°00 0°840 (max.) 
: 3 480 
7°00 0 654 I4"05 0°864. 
24% 4 280 
" . g’00 0°662 14°10 0°878 ; 
8 : go 
To"50 0°673 14°20 . 0°887 : 
8 37 
12'00 “ 0°685 14°50. 0°898 
Ir a6 
13°00 0 696 15°00 o*OIL 
14 ; 15 
13°50 0°703 16°00 0°926 ‘ 
45 7 
13°70 0°708 1890 0940 
: 40 ; 5 
13°80 o'712 21°00 0°956 
roo _3 
13°85 o°717 25°00 0968 
200 3 
a 30°00 0°98 
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eas Taste IT. : i 


01465 G. of p- atiinophenot mixed with 30 c.c. of 30% sulphuric acid 
and titrated against M/10-sodium nitrite. 


NaNO. It.M.F. E/C NaNO, E MF. 


(m volt/c.c.) (m.volt/c.c.) 
000 C.c. 0°380 volt fase $e 13°375 cc. 0 552 volt 
- 49 as “ . 520 
2'00 ”* : 0°478 13°400 0'565 
2 2 2520 
_ 5700 0°490 mos 13°425 ; 0°628 - (maximam) 
: 2, : 480 
- 800 0°496 “13-450 0 640 . 
: ' 2 : 7 380 
- 9°50 07499 : 13°500 0°659 
6 TOS 
~  Y1"00 0*508 , 13°700 0 680 
: . 8 ie 40 
12°00 0°516 sa '14"000 6 692 i. 
oi . Io 16 
12°50 o' 521 14 800 0°705, ; 
FO oe 4 
12°80 0°524 16000 0710 | 
Is 2 
13°00 0°527 17 000 0 712 
20 . _ 
13°10 0°529 ‘ 19‘000 o°712 
: k 30 ~ 
13°20 0°532 - 4 21000 0°698 
- go _ 
“-13°30.%" "7. .0°§35 -- “24°000 | ~ 0689 ~ 
: ’ 2S 140 feo ee ee ~ 
13°35 0542 T .'. 29°00 : Sea 


“aot , ~ 4 r 


_ 499 84 _ 
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The titrations, one for, sick substance, are represented by the curves given 


in Fig. rand 2: 7 - 
or’ = & 
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8 Discussi1on 


‘(In these titrations, it is evident that for the irst set, ath the addition 
of, standard potassium iodate ‘solution, the #.M.F. rose steadily till the equi- 
valence point. ‘At the equivalerice point there vas asharp jump in poten- 
tial followed by a steady rise with further ‘addition of the reagent. 

‘ In the second set, with the addition of standard sodiym nitrite the H.M.F. 
rose steadily except in o- phenylenediamine, where it rose with the first addi- 
tion of the reagent but with further addition the potential began to fall. 
This was followed by a steady rise till the equivalence point. At the’ equi- 
valence point there wasa sharp jump in potential in each case. After 
the equivalence point there was again a rise in the potential, followed by 4 
steady fall, ‘ . 


on = 
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From the volume of the titrant required in each titiation, corresponding 
to the equivalence point, the amount of the amine was calculated. The 
values obtained are- compared in the following-tables with the amounts of 
the‘amine-taken. e 


Taste IE. © a 


o-Nitfoaniline. z " p-Nitroaniline, . 2 :4-Diaminophenol °° 
dihydrochloride. 

. Taken. Found, Taken Found. Taken, _. Found. 
‘00917 g. oops &. ,0°0970 g. 00967 g. 0 1001 g. 0° 1005 g- 
o°LI33 - O°1129 0°1408 see . o°1562 01563 
0°1958 O'I055 o'r89x_ 01886 sates . 0°3127 

* -o°2918  o'2g16 2816 vada . o'473r "4730 
0°3855 -0°3855 0°3918 o°3917 (06276 0'6a80 

. oe ee eae ee : . + 
Coogee BS  * Pasee TV. oe, 
o-Awinophenol. p-Aniinophenol. | Dipherylainine. =< ” o-Phenylenediamine. 
Taken. Found. | ‘Taken. Found. Taken. Found. ” "Taken. Found: 
O°1294 Z- 0°1293 ra 6'°1465 g. 0°1462 g. 0°1943.g. o 3940 g. o'2a16 g. 0°2a15 B. 
071858 0°1854 “ 0°1973 o°Ig71 0°4933 > «0°2930 , 013513 0°3513 
9°2333 0'233x°—(0'293aO'zga8 0°3928 03925 0°5039 05037": 
0'2827 0'2826 0'3920 “03976 0°4942. oranar . 0°8599 68503 
0*4198 ~ o'4193 0°5397  —-0°5397 '0°5840 (075835 1'0002 "0000 
0°S854 0°5850 ern 0°6929 «= 06926 


These results show that o-nitroaniline, p-nitroaniline, 2: 4-diamino- 
‘phenol dihydrochloride, and p-aminophenol, o-aminophenol, diphenylamine 
and o-phenylenediamine can be determined quantitatively by the. potentio-, 
metric method. . 

The authors are indebted to the Khalsa College authorities for aresearch 
grant and for providirig facilities for the ‘work: mA 


The author (A. Rehmani) is grateful fo Major S. M. K. Mallick, Princi- 
pal, Medical School, Amritsar, fot his keen intérest in the research work. 
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CONDENSATION OF 6-, m- AND p- THIOCRESOLS WITH 
o-BROMONITROBENZENE, 2.:-3-DICHLORONITRO- 
BENZENE AND 2:5-DIBROMONITROBENZENE. 


By PuuiprEo SAHAY Varma, K. S. Venxat RAMAN AND N H. Mavant. 


Thiocresols (o-, m- and p-) have been condensed with o-bromonitrobenzene, 2: 5- 
dichloronitrobenzene and 3 :5-dibromonitrobenzene as a result of which 3’-nitro-2-methyldi- 
phenyl sulphide, 2-nitro-4-methyldiphenyl sulphide, 2’-nitro-4-methyldiphenyl sulphide, 
4-chloro-2-nitro-4’-methyldiphenyl sulphide, 4-bromo-2-nitro-4’-methyldiphenyl sulpbide 
and 4-chloro-2-nitro-2’-methyldipheny] sulphide have been obtained 


o-Nitrophenyl thioethers and their alkyl and halogen derivatives being 
required for another piece of research a reference to literature 1evealed that 
very few compounds of this seriesare known. Mauthrer (Ber., 1906, 89, 
3597) obtained 2-nitrodiphenyl sulphide by the condensation of sodium 
thiophenate and o-nitrobromobenzene in presence of copper powder ; the 
same compound has been obtained by boiling sodium thiophenate and 
o-bromonitrobenzene in alcohol (Bourgeous and Uber, Bull. Soc. chim., 
ror, iv, 9, 947) and by the action of thiophenol, potassium hydroxide and 
o-chloronitrobenzene in presence of copper-bronze (Roberts and ‘Turner, 
J. Chem. Soc., 1926, 1207). Mauthner also obtained o-nitrophenyl-o-tolyl 
sulphide fron’ sodium o-thiocreosolate and o-bromonitrobenzene. ‘This com- 
pound is wrongly ‘described as 4-nitro-o-phenyl-o-tolyl sulphide and 
4-nitro-2-méthyldiphenyl sulphide (Beilstein-Prager-Jacobson, “‘ Organische 
Chemie,’ Vol. VI, p. 371). Loudon and Robson (J. Chem. Soc., 1937; 
242) have also obtained 4-chloro-2-nitro-4-methyldiphenyl sulphide by con- 
densing 2:5-dichloronitrobenzene with p-thiocresol in alcohol. . 

In the experiments described in this paper the following condensation 
products have been obtainéd-— 


2’-Nitro-2-methyldipheny] sulphide, m p. 86", b.p. 210-15°/18 mm. 
2’-Nitro-3-methyldiphenyl sulphide, m p 86-86°5°; b.p. 222°/18 mm. 
2’-Nitro-4-methyldiphenyl sulphide, m p. 87.5°. 
4-Chloro-2-nitro-4’-methyldiphenyl sulphide, m p. 121°. 
4-Bromo-2-nitro-4’-methyldipheny! sulphide, m p. 124°. 
4-Chloro-2-nitro-2’-methyldiphenyl sulphide. 


The products obtained with m-thiocresol are liquids and not in good 
quantities, It has not yet been possible to separate these products aud 
obtain them in sufficient quantities for further investigation. 
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EXPERIMENTAL. 


2'-Nit10-2-methyldiphenyl Sulphide.—o-Tliiocresol (31 g.), o-bromo- 
nitrobenzene (51 8.) and copper-bronze (2 g.) were added to a warm solution 
of potassium hydroxide (10 g. in 10 c.c. water) and the solution refluxed 
on a sand-bath for 44 hoursat about 180°. It was then allowed to cool 
when the product solidified toa greenish black mass. The product was 
extracted successively for 4 times with carbon tetrachloride (50 c.c.; 30¢.¢., 
20 ¢.c., 10 c.c.) and the whole extract washed first with 15% potassium 
hydroxide solution to remove the unacted o-thiocresol and then with water, 
dried over fused calcium chloride and distilled under reduced pressure. 
The fraction distilling at 210-15°/16 mm. solidified to a yellow mass and 
gave needle-shaped yellow crystals (20 g.) on crystallisation from carbon 
tetrachloride, m.p. 86°. It is readily soluble in carbon tetrachloride, in- 
soluble in petroleum ether, slightly soluble in alcohol and very easily in 
carbon disulphide and benzene. (Found: S, 12°8. Cy3H,,0,NS_ requires 
S, 13°06 per cent). 
2!-Nitro-3-methyldiphenyl Sulphide.—o-Bromonitrobenzene (12°5 g-), 
m-thiocresol (8 g.) and copper-brouze (o"5 g.) were added to a solution of 
‘sodium hydroxide (2°4 g.) in water (1-2 c.c.)and the soiution refluxed for 
4 hours at about 180° and the prcduct treated as in the preceding case and 
distilled under reduced pressure. The fraction distilling at 222°/18 mm. 
solidified to a yellow solid mass. It was crystallised from carbon tetrachloride, 
m.p 86°5°, yield 3°59. (Found S, 12°5. CisHi10.,NS requires S, 13°06 © 
per cent). ; 
a!-Nitro-4-methyldiphenyl Sulphide—o-Bromonitrobenzene ' (50 g.), 
p-thiocresol (31 g), potassium hydroxide (14 g.) and * copper-bronze 
(2 g.) were treated as above for 34 hours on a sand-bath at about 200° and 
treated as in the preceding cases and the solid product boiled with animal 
charcoal and then crystallised from carbon tetrachloride when yellow prisms 
were obtained, m.p. 875°. (Found: S, 13°1. CysHi:0,N S requires 8, 
13'06 per cent). 
4-Chloro-2-nitro-4'-methyldiphenyl Sulphide.—p-Thiocresol (2 g.), 2:5- 
dichloronitrobenzene (2 g.), potassium hydroxide (0°6 g.) and water (zc.c.) 
were refluxed on a sand-bath for 6 hours at about 180° and the product 
allowed to cool when a red solid mass was obtained. It was extracted thrice 
with carbon tetrachloride, washed with 15% potassium hydroxide solution 
aud then with water, dried over fused calcium chloride and the solvent. 
distilled off. The residue was crystallised from glacial acetic acid when 
orange ptistns were obtained, in.p. 121°. It is easily soluble in warm 
carbon tetrachloride, soluble even in cold in benzene and carbon disulphide; 
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it is less soluble in petroleum ether, ‘yield 1°7 g. (Found: S, i41x°r. , 
CysH,.O,NCIS requires S, 114 per cent). 

4-Bromo-a-nitro-4'- methyldiphenyl Sulphtde.—2:5-Dichloronitrobenzene 
(2 g.) on similar treatment with p-thiocresol (3 g.) and petassium hydroxide 
{o’6g.) in presence of copper-bronze gave orange-red crystals, m.p. 124°. 
It is very soluble in benzene and carbon disulphide, solublé on warming im 
carbon tetrachloride, much less soluble in petroleum ether, yiéld 1°8 g. 
(Found: Br, 24°43; S,9'2. CisHioO,NBrS requires Br, 24'7; S, 9°8 per 
cent). a > 

4-Chloro-2!-nitro-2-methyldiphenyl Sulphide. —o-Thiocresol (4 g.) and 
2:5-dichloronitrobenzene (4 g.) and potassium hydroxide (12 g.) on similar. 
treatment gavea distillate boiling at 200-205°/18 mm. which solidified 
slowly into bright yellow crystals, m.p. 82'5°. Itis slightly soluble in 
rectified spirit and petroleum ether, more on warming. (Found: Cl, 12°3. 
CysH,,0,NCiS requires Cl, 12°7 per cent). ; ope 

4-Bromo-2-nitro-4!-methyldiphenyl Sulphone.—Potassiuim’permanganate 
solution (0.7 g. in r00 c.c. of water) was added little by little to a-solu- 
tion of 4- bromo - 2 - nitro- 4'- methyldipheny! sulphide (r g.) in glacial acetic 
acid and the excess of potassium permanganate was removed by passing 
sulphur dioxide and the whole allowed to stand overnight when a white 
precipitate was obtained. It was crystallised from carbon tetrachloride as 
beautiful needles, m.p. 132°. It turns pinkish on heating. (Found: 5, 8'5. 
CioH1,.O0,.NBrS requires S, 89 per cent)... ‘ ‘ 
ORGANIC CHEMISTRY LABORATORY, 
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- MAGNETIC STUDIES OF COLOUR CHANGES IN CUPRIC 
CHLORIDE 


_ By N. A. Yajnrg, Ram CHAND, A. N. Kapur AND Dip CHAND JAIN. 


Measurements of magnetic susceptibilities of cupric chloride, dissolved in various 
solvents, have been made under different conditions’and the changes in magnetic suscepti- 
bility correlated with changes in colour'of enpric chloride 


It is well known that cupric chloride shows green colour in concentrated 
solutions, while it gives - blue colour i in dilute solutions. ‘These changes of 
colour in cupric chloride solutions were first studied by Solly (Phil. Mag., 
1843, 14, 22, 367) and Gladstone (J. Chem. Soc.; 1856, 8, 212) who showed 
that a solution of cupric chloride in a small proportion of water is dark 
-brown and -the colour gradually passes through various shades of green, 
light green, bluish green, greenish blue and blue'as the proportion of water 
is increased. : 

There are conflicting views regarding the mechanism of these colour 
changes. Ostwald (“Grundlinien der anorganischen Chemie’’, Liepzig, 1900) 
explained these colour changes by assuming that the undissociated molecules 
of cupric chloride are brown in colour and cupric ions (Cu**) are blue 
in colour. 


CuCl,(brown) ->-(Cu**) (biue) + 2Cl’ (colourless). 


Thus there will be an equilibrium between’ undissociated inolecules and 
ions depending upon the concentrations of the solution. Various shades of 
colour are produced as the degree of dissociation of cupric chioride goes on 
increasing with dilution. This assumption, however, could not be supported . 
by the evidence obtained from spectroscopic investigation by Muller (Ann, 
Physik, 1903, iv, 12, 767) and Houston (Proc. Roy. Soc. Edin., 1912, 82, 
_ 40). Wiederman (British Assoc. Rep., 1887, 364) attributed the colour 
changes to the progressive solvation ,.of the solute. It was favoured by 
Chuard (Archiv Sciences Geneve, 1888, ii, 19, 477) and Rudorff (Poge. 
Ann., 1862, 116, 64). . 


CuCl, (brown)+n H,O —> CuCl, »H,0 (blue). 


Donnan and Basset AJ. Chem. Soc., 1902, 81, 939), however, attributed 
the colour changes on dilution to the formation and dissociation of complex 
ions. 


(CuCl,)” ities ts CuCl, (blue) + 2CY, 
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‘The above hypothesis 1s supported by Watkins and Denham (J. Chen. Soc., 
r91g, 118, 1269) and Bhagwat (J. Indian Chem. Soc., 1940, 17, 52). . 

Getman (J. Phys. Chem , 1922, 26, 217) is in favour of a compromise 
between the hydration and complex-ion formation theories. He infers from 
the study of absorption spectrum of copper chloride that in dilute solutions 
halides form complexes with molecules of the solvent and in concentrated 
solutions complex ions are formed. 

From the brief survey given above it will be evident that some work is 
required to decide between the conflicting views regarding the mechanism 
of colour changes. ‘The magnetic susceptibility determinations have proved 
like the study of other physical properties useful in giving valuable informa- 
tion regarding the nature of salts in dissolved state. Thus it was felt that the 
study of magnetic susceptibilities of cupric chloride solutions under differ- - 
ent conditions may throw some light on the subject. 

Work has been done by Bhatnagar and co-workers (J. Indian Chem. 
Soc., 1932, 9, 3413 1936, 18, 489) on colour changes of cobalt chloride in 
this laboratory and they have studied this problem by studying changes in 
the magnetic rotation and other susceptibility measurements. 


EXPERIMENTAL. 


The susceptibility measuremements were made on a modified form of 
Guoys’ balance. To maintain various temperatures, a silica tube wound 
round with a heating coil was used‘ In case of solute, susceptibilities have 
been calculated on the assumption that the magnetic susceptibility of the 
solution is equal to the sum of component susceptibilities. 


, = Xsol ~Xw (1 = Cs) 
Xa Ee ee a on 


where Xs, Xw and Xeol are magnetic susceptibilities of the solute, solvent and 
solution, and Cs is the amount of solute in one gram of the solution. 


Magnetic susceptibility of conductivity water used in the present work 
was —0'720x107®, Cupric chloride (Merck’s guaianteed reagent) was 
dehydrated according to the method of Sabatier (Bull. Soc. chim., 1889, 
iii, 1, 88). 

Water, n-butyl, n-propyl, ethyl and methyl alcohols were the solvents 
used in the present investigation. ‘These solvents were purified according 
to the methods given in the literature and their various constants are as 
shown in Table I. 
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Tasiy I. 
‘ Solvent. Magnetic Density. Refractive index Boiling point. 
, 7 susceptibility. of 3 
Methyl alcohol  70°665 x I07® 0°7908 1°3275 ~ 64'5° 
Ethyl alcohol 7 0°744 0°7898 - 1'3610 78'0 
n-Propyl alcoLol —0'766 0°8035 1°3788 97°0 
n-Butyl alcohol —0'7587 08140 1°3952 r18'0 


“These constants are quite in agreement with constants given in the 
literature. x(cucl, anhydrous) at 35° was found to be 8°718 x 1078, and this 
CuCl, anhydrous was used in this work. 

The amount of CuCl, present in different solutions was estimated jodo- 
metrically. The magnetic susceptibilities of CuCl, solutions of different 
concentrations in various solvents were studied in a Gouy type balance and 
the results are given in the following tables. All measurements were 
carried out at 35°. : ‘ : 


TABLE II. 


~ 


Variation in magnetic susceptibility of CuCl, dissolved in water. 


Comp. of CnC, Magnetic susceptibility. x (CuCl, solid), Colour. 

solution. Calc- Obs. Calc. 

34°13 % 2°50I x Io7 % .  3°343 x ro7° 11°20 x 107? Green 

30°50 2°ISt 2°896 ILLS : n 

24°97 1°636 . _ 27235 IL‘'I2 . % 

20°00 1166 1642. a IT'og rr 

13°82 0'585 0°883 10°89 “Blue 
7°35 —o'026 ~. “ ovros 7 10°50 Ss 
3°82 —0°359 —0°299 10°28 i 

TaB.e III. 


e 


Variation in magnetic susceptibility. of CuCl, dissolved in n-butyl alcohol. 


Comp of “Magnetic susceptibility. x (CuCl, solid). - Colonr. 

the soln. ° Cale Obs. Cale. 

Irzir% 0°294 x ro" 0°484 x 107° 10°43 x Io7® Green 
0°04 - 07098 ~ * 9r248 : 10°38 a is 
6"g0 ; “ —o'IO4 ‘| (Of005 F030 ane oe 
4 68 — 0316 ~—0'239 ne 10°35 ; ‘ a 
23900 —0'533 —0"405 10°30 sh 
1°20 ~0'645 ° 7 7" 9°625 _ 7 to'29 ° Greenish blue 
0°405, —0°720 07725 7° 584 -“.  Blue-- 

WY 


0 122 —0°747 -_ —0°750 6°716 
4—14a7P—8 — 
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TasLe IV. 

Variation in magnetic susceptibility of CuCl, dissolved in n-propyl alcohol. 
Comp. of Magnetic susceptibility. x (CuCl, solid), Colotr. 
the soln; Cale, Obs. - Calc. . - 
I5'11% 0°666 x 107 0'993 x 107° 10 87x10°° * Green 
12°43 O°412 0°666 10°68 ‘3 
10°51 0°231 0°428 10 60 . we 3s 

7°60 —0'046 0°006 , 10°40 PF 
4°45 —0 344 —0°279 10°18 ” 
2°00 —0'576 —0°577 8°70 Blue 
1°13 —0°658 — 9° 668 . 7°87 ” 
0°58 TO'7II —o'719 7°39 rr 
TABLE V. 
Variation in magnetic susceptibility of CuCl, dissolved in ethyl alcohol. 
Comp. of Magnetic susceptibility. - x (CuCl, solid) Colour. 
the soln, Calc. Obs. Calc. 
12°94% 0°480 x 197° 0°756 x 107° 10°840 x 107° Green 
Io’4o 0°239 ’ 0°447 10°670 495 
8°16 0°030 07185 10 620 ai 
4°79 —o'agt "= 0°135 10315 " 
2°40 —0°517 —0°482 10°180 cs 
Tasiy VI. 

Variation in magnetic susceptibility of CuCl, dissolved in methyl alcohol. 
Comp. of Magnetic susceptibility. x (CuCl, solid) Colour: 
the soln. Cale. Obs, Cale. 
32°10% 2 348 x 107° 2°675 X 107° 9°738 x 107* Green 
25°05 ; 1°686 I'g21 ‘ "9°66 
20°85 1°293 1°518 9°795 $5 
16°72 0°903 1049 9°585 ” 

9°65 0°240 0°316 9°500 ‘i 
4°84 “—0°2It —O'%75 9°450 ” 
1°26 —0°547 —0°538 9°350 ” 


DISCUSSION. 


In Tables II to IV are shown the results obtained by studying megnetic 
susceptibility of CuCl, in various solvents at different dilutions. Column 3 
shows experimental values of magnetic susceptibility of the solutions. 
Column 4 gives the results calculated on the assumption that magnetic sus- 
ceptibility of the solutions is the sum of the susceptibilities of the com- 
ponents. 

Xeol= CaXe + Xw(1— Cs). 


. , 6 ¥ + + . it 
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Cs is the amount of CuCl, in 1 g. of the solution, Xe, Xs and yw are the 
magnetic susceptibilities of the solutions, solute and the solvent respectively. 

We find that values of the mass susceptibility of the solution actually 
obtained and thpse calculated from the above formulae do not agree indi- 
cating that some change has taken place in solution. 

If we suppose that solvation takes place in solution, i.e. solute 
combines with the molecules of the solvent, the magnetic mass susceptibilities 
of CuCl, are not expected to change so much and moreover the deviations 


should have been regular. ; 
Fic. 1. 
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Percentage of CuCl. 

It has been shown by previous workers that the magnetic moment of 
the same ion in Solution varies slightly with concentrations and to somewhat 
greater extent with nature of the solvent. A further support is lent to the 
above results by the recent work of S. Dutta (Phil. Mag., 1934, tv, 16, 585) 
on studies on paramagnetism. He las shown that in the case of Co and Ni, 

_ the magnetic moments do not change very much whén anhydrous salts pass 
from anhydrous state to the hydrated state. Ions and water dipoles 
surrounding the paramagnetic atom or ion are in the same relative position 
in two types of salts and give rise to the same field effect. In the case of co- 
ordination compounds, however, the crystalline field assumes an altogether 
different value due to interaction of new atomic grouping around the 
metallic ion. "ae é 
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Actually we get a inarked change in the susceptibility of CuCl, in these 
solvents which goes against the hydration theory of Wiederman. ‘This 
change, however; can be explained on the basis of complex ion theory. 
There is a sudden change in susceptibility where there is a change in 
colour. This is better explained from the accompanying graphs (Fig. x) 
in which the results of magnetic susceptibility are plotted against the 
concentrations. ‘There isa sharp .break in the graph accompanying the 
change of colour; in other words:a transition takes place. 

From.Tables V and VI ‘we find that changes in magnetic susceptibility 
are regular and there is no change of colour’in the solutions. The -curves 
are straight lines as is shown by graphs IV and V (Fig. 2.). . 

Thus it is clear that the coloyr change -is associated: with a break in 
susceptability-concentration curve and the colour.change is due to the forma- 
ation or dissociation .of; complex-ions of the type (CuCl,)!. and. CuCl,)!". _ 
. hese changes can be represented as: - | ee 

Pp Si «es CHEN ae CCM EE bh 

~ Cul, + Cl we (CuCl,)’ - 
- (CuCl,)!+ Cl =—_ (CuCl). - 
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SOLUBILITIES OF WEAK ACIDS IN SALTS OF 
.- WEAK ACIDS: 


‘By W. V. Boacwat, MaHasirsINGH VARMA, AND H. GC. HERMALKAR. 


- ‘The solubilities of weak acids like benzoic -acid and salicylic acid in sodium o1 
potassium salts of various acids such as monochloroacetic acid, trichloroacetic acid, 


. aminobenzoic acid, etc.,have been determined. The ‘observations are very similar to 


those made’ by Bhagwat and Doosag in case of other acids 


Bhagwat and Doosag (J. Indian Chem. Soc., 1933, 10, 230) have 
determined the solubility of various weak acids -in sodium salts of other 
weak acids. We have extended this work to various concentrations of salts 
of various - weak acids-such as monochloroacetic acid, trichloroacetic acid, 
benzenesulphonic acid, cinnamic acid, hippuric acid, etc., using benzoic 
acid and salicylic acid. From the results obtained and the graphs drawn 
following observations are made. 

_ If-we consider the solubilities of. benzoic and salicylic acids ‘in 
potassium salts of sulphanilic acid, phenylpropiolic acid, glycollic acid, 
lactic acid, phenylacetic acid, n-butyric acid ‘and n-propionic acid, 
we find that although the solubility of benzoic acid in pure water at 
the same temperature is greater than. the -solubility of salicylic acid, in 
potassium salts the solubility increases more rapidly for stronger salicylic 
acid than for benzoic acid. ‘This is in accordance with the previous observa- 
tions of Bhagwat and Doosag (loc..cit.). At a particular concentration of 
potassium salt, solubility- of salicylic acid exceeds that of Peuzcic acid and 
then always remains greater than that of benzoic acid. : 

, The solubility of benzoic acid and salicylic acid in the above mentioned 
salts. shows a regularity. except.in the case of sulphanilic acid-.and phenyl- 
propiolic acid. The curves for the solubilities of benzoic and salicylic acids 
(not shown) in the case of phenylpropiolic acid are somewhat irregular at low 
concentrations of potassium salts. After these concentrations they become 
regular. For sulphanilic acid, ‘only ‘the curve for the -solubility of benzoic 
acid. shows an irregularity at low concentrations. The concentrations of 
potassium, salts at which the two curves meet are different for different acids 
and are in -the following order : Phenylpropiolic ‘acid > n-butyric acid 
> propionic aa > sulphanilic acid > phenylacetic acid. > lactic acid > 
glycollic acid., 

"The order of tlie dissociation cortstants of these acids are n-propionic 
acid (i'45 X 107°) <n-butyric acid (1°5 x 107°) < lactic acid (1°4 x 10 “)< 
glycollic acid (1°4 x 107). ss 
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From the results available it is concluded that the solubility of salicylic 
acid exceeds that of benzoic acid at lower concentrations in the salt solution 
of a stronger acid. 

The solubilities of benzoic and salicylic acids in.potassium salts of 
cinnamic and hippuric acids do not cut each other. However, in the case 
of cinnamic acid the two curves gradually approach each other. In ‘other 
words, the solubility of salicylic acid increases more rapidly in the potassium 
salt than that of benzoic acid. Both the curves are similar and show a 
similar irregularity at low concentrations. Afterwards both become regular 
(curves not shown). : 

However, the curves of these acids in the potassium salt of hippuric acid 
are rather striking. Solubility of benzoic acid increases steadily, but the 
solubility of salicylic acid shows a break, and then rises only very slightly 
with increase in concentration of potassium salt of hippuric acid. Below 
this break, the solubility of salicylic acid increases more rapidly than that of 
benzoic acid and the two curves approach each other. However, beyond 
this point the curves go on diverging. In other words, the general rule 
that the solubility of a stronger acid increases at a greater rate than the 
solubility of weak acid in the same salt of an acid, seems to break down 
in case of this acid afte: certain point. 

If we compare the solubility of a single acid in the solutions of 
potassium salts of different acids, it is observed that in general the solubility 
in the solution of the salt of'a stronger acid is smaller, although deviations 
are common. ‘Thus the order of the solubility of salicylic acid in salts 
of different acids is glycollic << lactic < n-butyric <Q n-propionic acid. 
The solubility curves in case of lactic acid and glycollic acid are rather 
striking. At low concentrations the solubilities are more or less the same. 
On increasing the concentration of potassium sult the solubility of salicylic 
acid in glycollic acid increases and then falls and finally becomes greater than 
the solubility in lactic acid. 

Increase of concentration of potassium salt of hippuric and cinnamic 
acids does not seem to have an appreciable effect on the solubility of sali- 
cylic acid. The solubility in potassium phenylpropioiate is smaller than 
in potassium hippurate for low concentrations. As the concentration is 
increased, the solubility of salicylic acid increases in potassium phenyl- 
propiolate. The order of solubility of salicylic acid in salts of different acids 
examined are as follows :— 

n-Propionic acid > n-butyric acid > phenylacetic acid > lactic acid 
> glycollic acid > sulphanilic acid > phenylpropiolic acid > hippuric 
acid > cinnamic acid. 


SOLUBILITY OF WEAK ACIDS IN SALTS OF WEAK AOIDS 3865 


The order of solubillty of benzoic acid in potassium salt of the same 
acids is more or less the same except for hippuric acid in whose salt 
benzoic acid is more soluble than even in the salts of glycollic and lactic 
acids. Moreover, the curve (not shown) indicates that the solubility increases 
fairly rapidly as the concentration of the potassium salt of hippuric acid 
is increased. This is unlike the solubility of salicylic acid which changes 
only slightly with increase in concentiation. Behaviour in potassium 
cinnamate is very similar to that of salicylic acid. The order of the 
solubility of benzoic acid in potassium salts of various acids is as follows :— 

Benzenesulphonic acid < cinnamic acid <Q phenyipropiolic acid < 
sulphanilic acid <Q glycollic acid < lactic acid < hippuric acid < phenyl- 
acetic acid <( n-butyric acid <n-propionic acid. 

The solubility of benzoic acid in sodium salts of monochloroacetic 
acid, trichloroacetic acid and p-aminobenzoic acid obeys the general rule, 
that the solubility is smaller in the salt of the stronger acid. 

Solubility of both benzoic and salicylic acids in potassium salt of 
cinnamic acid shows an irregular curve at low concentrations. The 
solubility first increases, then derceases up toa point and again begins to 
increase regularly as the concentration of the potassium salt is increased. 
In potassium benzenesulphonate benzoic acid behaves similarly but there 
isone point of difference that solubility of benzoic acid decreases at first 
and then increases, afterwards becomes more or less constant and finally 
increases regularly as the concentration of potassium salt is increased. 

Behaviour of potassium salt of 3 : 5-dinitrobenzoic acid is most peculiar. 
The solubility of benzoic acid first incteases, becomes steady for a longer 
range, and then begins to fall as the concentration of the potassium salt is 
increased, 
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" CALCULATION OF CRITICAL PRESSURE FROM. BOILING 
. . POINT AND PARACHOR DATA. 


By NM. S. TELANG. ° 


The equation, Pe ae , has been proposed for calculating the critical: pressures 


Py" 


from the boiling point and parachor data of various liquids. 


Sugden (J. Chem. Soc., 1924, 125, 1177; “The Parachor : and 
Valency ’’, 1930, p. 31) has compared parachors and molecular critical 
volumes and has shown that the ratio of the parachor [P] to the molecular 
critical volume (V.) of a given compound hasan almost constant value of 
o'77 for all substances. Hence, , 


Vice BPI: 
Z 0°77 — 
According to Van der Waals, “‘ at their critical points, the values 
of Po Ve/Ts should be the same for all substances” (vide, Young, “‘Stoichio- 
metry,”’ 1918, p. 207). So PoVo/To=10, where 7 is a constant. This 
statement is true only when the molecules of an ordinary substance undergo 
no alteration during the process of liquefaction. When molecular associa- 
tion takes place as with acetic acid, alcohols, etc., the relation between 
temperature, pressure and volume becomes much more complex (cf. Young, 
ibid. p. 189), 2 
The mean value of 1. as calculated from the data for twenty-five 
different substances (Young, ibid. p. 170) is 1625, when pressures and 
volumes are expressed in cm. and c.c. respectively. These values are 
incorporated in the following table. : 
Substituting for ’, and +e, the above equation becomes, 





P, x [er 
Se = 1625, 
ee 
wes ep mrGie ators 
Rewriting, 1625 X0'77 ok 
According to this equation, 
Py =3251 X= 
Pr 


if the known values of critical pressures are plotted against the correspond- 
ing values of the ratios of critical temperatures to the parachois, a straight 
line graph should be obtained with a slope of 1251. 
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Substance 


Ditsobutyl 
n-Octane 
n-Heptane 
Diisopropyl 
n-Hexane 
ssoPentane 
n-Pentane 
Methy] isobutyrate 
Ethyl propionate 
Propyl acetate 
‘Methyl butvrate 
Rther 
Hexamethylene 
Ethyl acetate 
Methy1 propionate 
Propyl formate 
Carbon tetracliloride 
Todobenzene 
Chiorobenzene . 
Bromobenzene 
Fluorobenzene 
Benzene 
Methyl acetate 
Ethyl formate 
Methyl formate 


It is observed that the mean value of T./Tp=1°56, where Ty is the 


boiling point of a substance. Substituting this value of 


B. p. ; 
Tp. To /{P]. 
382°2 "594 
398°8 1624 
3714 1°746 
3304 1852 
342°0 x 880 
3010 2°00r 
309°2 2°042 
365°3 2°30 
372 0 2144 
374 6 2145 
375°8 2°183 
307°6 2 205 
353'9 2°362 
350°2 2 410 
352°7 2°458 
353°9 2°489 
349 8 2 $30 
461 5 2°574 
4050 2°595 
4290 2°606 
358°2 2 613 
353°2 2°742 
330°1 2°846 
327°3 2°867 
304°9 3 537 


T. in the above equation, 


or 


Zs ier eb 
Py = 1251 XI 56% FD] 


T 


So, To= 1°56 To. 


Critical pressure Po 


obs. calc. Po Vo =fo. 
To 

1866 cm, ar6acm. . 1636 
1873 2222 1612 
2043 2344 1654 
2336 * 2447 1665 
2251 2471 1627 
2502 2551 1668 
“510 2620 1654 
2574 2808 16x4 
2522 2263 1590 
2523 2855 1585 
2606 2888 1598 
2706 2836 1634 
3028 2952 1681 
2888 3148 1580 
3003 3190 1595 
3046 3196 1612 
3418 3104 1697 
3391 3214 1650 
3393 " 3247 1652 
3391 3949 1638 
3392 _ 3265 1643 
3640 3342 1660 
3521 3617 1581 
3554 3603 1601 
4503 4309 1590 

Mean 1625 


Tp 


=1952X ry 
Ps a erpy 


where k isa constant, the magnitude of which depends upon the units 


employed in expressing the pressures and volumes. 
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Expressing in a general manner, the critical pressure of a substance is 
» given by the ratio of its boiling nee toits parachor multiplied by a 
constant. 

The applicability of this eaaation’s can be well illustrated by the values 
calculated for twenty-five different substances given. It can be observed 
from the table that the calculated values are in quite good agreement with 
the observed values (due to Young, loc. cit.) considering the fact that various 
approximations are employed in deducing the equation. 

These calculations, besides lending further support to Sugden’s theory 
that the parachor is really equivalent to a molecular volume, are useful for 
quickly estimating the critical pressures of various substances without 
actually performing any experiment regardiug the critical phenomena. 
Further, this calculation isa rough guide in the. actual determination of 
critical pressure which is by no means easily observable ; the boiling point’ 
and parachor data are readily available from literature. 

Some of the deviations observed can be attributed to the deviation of 
the actual value of T./Tp from the méan value of 1°56. More correct 
results may be obtained if the following corrections are introduced : 


-(i) For the higher members of the homologous series, To/Tp=1'45. 


(1i) For elements, like chlorine, bromine, oxygen, argon etc.; 
To/To=1°75. 


DEPARTMENT OF CHEMISTRY, — 
RAMNARAIN RUA COLLEGE, ie Received June 20, 1942. 
Bonsnay. * 





PHOTOREDUCTION OF URANYL NITRATE 
: BY TARTARIC ACID, 


By T. L. Rama CHar. 


Measurements of the optical rotation of mixtures of uranyl nitrate and tartaric acid 
show thata complex compound is formed in solution, The photoreduction of this 
complex has been studied in the visible and ultraviolet regions. 


Ghosh and Mitter (J. Indian Chem. Soc., 1927, 4, 353) found that 
complex formation takes place between uranyl salt and various organic 
acids like tartaric, lactic, mandelic,.etc. It is well known that uranyl salts 
are photochemically reduced by these acids: U‘* (yellow) —> U* (green or 
blue). : 


Complex Formation. 


When uranyl nitrate, UO,(NOs),,6H,0, is added to d-or I-tartaric 
acid, the rotatory power of tartaric’acid is enhanced. Measurements of the 
rotation of tartaric acid-uranyl mixtures, keeping the concentration of 
tartaric acid constant, gave maximum rotations for mixtures of the com- 
position H,T 4-uranyl (where T=tartrate ion). Assuming that in these 
mixtures complex formation is complete t.e., concentration of complex 
=conc. of H,T, the dissociation constant of the complex 





K= [Complex ] . @ 
{H,T-complex | x [uranyl complex ] 


was calculated as follows: 
The observed rotation for any mixture is given by 
Observed rotation = (molecular rotation of complex) x [complex] 
+ (molecular rotation of free H,T) x [free H,T] (4) 
For mixtures giving maximum rotations, conc. of complex=conc. of H,T, 
and we have from equation (#), 
Observed rotation= (mol. rotation)compex x [H,T], 


P : observed maximum rotation for mixture va 
i.e., (mol. rotation)complex = [HT] (444) 
a 








similarly for free tartaric acid we have 


<4 _ observed rotation for free H,T : 
(Mol. rotation) free H,T ee ee ee was (iv) 
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From the observed rotation of any mixture, the concentration of the 
complex can be calculated from equations (ii), (#4) and (iv) by knowing the 
rotation of free tartaric acid .and the maximal rotation for a set -of mixtures. 
The dissociation constant K can then be. calculated by substitution in 
equation (i). © 

The changes in the rotation of the mixtures were followed with a 
Winkel-Zeiss triple-field polarimeter which gave readings correct to o’o1°. 
“The chemicals used were Merck’s sdmples ; the tartaric acids were rectystal- 
lised before use. ‘Conductivity water ’ was used for preparing the solutions. 
The value of K was calculated by measuring the rotations of 3 sets ‘of 
mixtures, and the 1esults are given below... - a oh 


TABLE I. a 


‘Length of solution=2'5 cm. A= eaush Temp.=25°. | .. 


Conc. of d-H,T. Conc. of uranyl. Observed . Cone. of K, 
. °° 1+ rotation. complex. 

o'250M toooM = $028, * "o'agolf ; 

77 Letg00 -  “fotag $7 orr87 "gts 
% 07250 +o'ar ” otr4o" é rr'6 
> : - O°125 : +0°I7 " 0'078 -9'6 
, o'o7t . bovrs "  of047 97 
” 0°03 - +-org _ — 
” 0016 +o0°12 ~ — 
” — : +0°12 — ‘ a 

o°r25 0°500 +0°1$ o*l25 
i 0°250 +o'1r 0°078 96, 
% 0°063 ' +0708 o"03I , 10°6 ~ 
~ oor6 +006 — —) 

2 ng, oof tit +0'06 _— ? 

" = 7 +006 _ 7 

0°062 0°256 "ho o7 o'o6a a 
2 0°25 : 0°05 o'o3r— (sti‘i«‘ié‘ésO'G 
“3 0°050 +004 o’016 10°2 
» 0°03I +003 Z wis 

” 0°008 +0'o3 . es ; 

v = +003, OS ks 


Mean value=10"g 
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‘The results show that fairly concordant values are obtained for the 


~ dissociation constant K. As the concentration of uranyl is decreased, the - 


concentration of complex in the mixture decreases ; the rotation of the 
mixture also decreases until in the limit it is equal to that of free tartaric 
acid. The sign of the rotation of the complex is the same as that of tartaric 
acid. J-Tartaric acid forms complexes whose rotations are equal in magni- 
tude but opposite in sign to those of d-tartaric acid. 


Photoreduction. 


The complex formed by the addition of uranyl nitrate to tartaric acid 
is photochemically reduced in the visible as well as in the ultraviolet ; 
tartaric acid is oxidised and the uranyl salt is reduced to the uranous state, 
the colour change being from yellow to green. This reaction has been 
studied in the ultraviolet, violet and blue regions. ° 

The experimental arrangement for studying the photo-reaction was the 
same as that described‘in a previous paper (Rama Char, J. Indian Chem. 
Soc., 1941, 18, 507). - The reaction was followed by the estimation of the 
reduced uranium. A known volume of an excees of standard per- 
manganate was added in sulphuric acid solution to convert all the reduced 
uranium to the uranyl state, and the excess of permanganate was titrated 
iodimetrically. ‘The whole process was carried out in an atmosphere of 
carbon dioxide to prevent oxidation of the uranous salt by air. There is no 
dark reaction for the mixtures studied, and the photochemical reaction 
is zero-molecular with respect to uranyl (U'). Table II gives the effect 
of varying the concentration of the reactants on the velocity of the 
photoreduction in the ultraviolet. dx/dtrefers throughout to the nuruber 
of g. mols. transformed per minute. Unless othewise stated, d-tartaric 
acid has been used. 


‘Reaction in the,Ultraviolet. : 


TABLE II. 
A= 31304 (Chance Bros.). px =o'9 to 1’3. Temp.=28°, 


(dic [ dt) cate, 20°52 x 1078 Tabs. X _ [BT] (for all wave-lengths). 


o'2+[HegT} 
a . dx/at x 104 
Conc. of HyT. Cone. of uranyl. Ios, . . obs _.-, cale. 
o'500M - o’500 7270 ergs 10°65 ac 10°65 
© 333 0°333 . 6570 8°60 8°45 
0°250 07250 6230 7°10 70 
0167 o167- 5710 -: 5°45 5°35 


O°125 O125 _ §rge 4°I0 4Io 
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Tasty I (contd.). 


da/dt x x04. 
Conc. of HT. Conc. of uranyl. Tabs. obs calc 
.  o'500M o'500M 7270 ergs ro'65. | 10°65 
0250 BB ji « 750 oS 
ov'l25 : , fee 7 “ol 5°10 5 00 
0°063 oe e 305 3°05 
0500 0°a50 " 6a30 : 9°Io 9°15 
0450 : ” 7 : . 7't0 7°10 
o°125 - a _o# . 485° 4°90 
_ 0°063 ‘i ” _ 300 "3°05 
0°500 0°45 5190 7°65 7°60 : 
_ 0°250 ae 4 ; ” 5°80 5°80 * 
o'1as ” , © Sse og 4°10 4°I0 


_ "The velocity of the reaction decreases with decrease in, equimolar 
concentration. Decrease in the concentration of tartaric acid, keeping the 
concentration of uranyl constant, results in a decrease in the velocity. 
Table. III shows that, for the same mixture, the velocity of the reaction 
is directly proportional to the intensity of the light absorbed. 


Taste LU. 


A=31308. pa =o'o tors. . Temp.=28°, 


Conc. of HyT. Cone. of uranyl. T aku at/dx x 104, 
. o'50M o*solt 7270 ergs t0'65 
me 4670 6'90 
” ; ” 3290 485 
2 0°45 . 0°45 6230 7"r0 
” ” 3980 ~ 4°50 


sa 1s 2849 3°25 


* preg * . - < 
PHOTOREDUCTION OF URANYL NITRATE BY TARTARIC ACID 373 


_ Reaction in the Violet.—Table IV gives the effect of varying the con- 
scentration of the reactants on the velocity of the reaction in the violet 
region. ‘Table.V gives the effect of varying Tam. 


. TABLE IV. 


A= 40604 (Zeiss monochromat). px =o'9 tox’2. Temp.=28°. 


So, ets . : “dx/at x 104. 

Conc, of H,T. Conc. of uranyl. Tabs. obs. calc. 
0°500M = eisock yoo ergs. 11°30 1°30 
0°333 0°333 7000 9°40 g'00 oe 
0°250 0°250 6570 750 7°50 
0°167 0°167 ~ 5530 530° 5°15 
o°r25— o°T4a5 4500 3°50 3°55 
0°500 0"500 7700 11°30 11°30 
0°250° ” = 8°60 8°80 
o'r25 a Bes 615 6°30 
0°063 - is 370" 3°75 
"500 o'250 = 6570 9°55 9°65 
0°250 ” » 7°50 750 
O'125 53 Pe 5710 5°20 
0'063 ” . 3°20 3°20 

TABLE V. 
A=406048. px =o’o torr. Temp.=28°. 
Conc. of HgT. Conc. of uranyl, Tia: dx/dt x rot. 
0'500M o'500M 7700 ergs. 11°30 
» » 5620 8°00 
" ” 3980 _ 5°75 
0°250 0°250 6570 | 7°50 
” a “4840 0 | 5°55 


~The general nature of the reaction in the violet is the same as that in 
the ultraviolet. For the’same mixture, the velocity is proportional to Tubs. 


; 


874 


es 


L. RAMA GHAR 


Reaction in the Blue.—Tables VI and VII give the results obtained 


for the photoreduction in the blue region. 


those obtained in the ultraviolet and violet regions 
‘reaction is proportional to the intensity of the blue light absorbed. 


A=43604 (Zeiss monochromat). px=o'9 to 1'2. 


Conc, of 
H,T. 


o’500M 
0°333 
0°250 
o°167 
0°125 
© 500 
0°250 
O°I25 
0°063 
0° 500 
0°250 


O'125 


0°063 ~~ 


Cone. of 


Cone. of 
uranyl, 


o'500M 
0-333 
0°250 
0167 


0 125 


0*500 


‘They are of the same type as 


The velocity of the 


Taste VI. . 
Temp. = 28°. 
Taba. dec/dt x 104. 
obs c 
4500 ergs. 6 60 6°60 : 
4150 5°50 5°30 
3770 4 30. 4°30 
3370 3°00 | 3°10 
2850 2°20 2°25 
4500 6°60 6°60 
” 5°00, 510 | 
” 3 50 3°55 
e 2°20 2°20 
3770 5'60° 5°75 
” 4°30 4°30" 
” 3°00 3°00 
” 170 1°85 
TABLE VII. 
puxo'o torr. Temp.=28°. 
“Tabs. dxdt x 108, 
4500 ergs 65" 
2850 41 
3770 43 
2390 a7 : 


Reaction with d-, l- and r-Acids.—Some experiments were also carried 
out with I- and racemic-tartaric acids as reductents. 
Table VOI below show that there is no difference in the velocity of the 
photoreduction with these reductants in all the wave- lengths studied. 


The results given in 
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Taste VIII. - eo 


wi eA a! Bt agg? ae 
te, a. peeo’g torr. Temp.=28°. “s 
Wave- ° © Conevof © Conc. of labs. for all dx/dt x 104. 
length H,T. . uranyl. complexes. d-HgT. 1-HT. 1-H,T. 
31308 o"50oM 050M : : 7470 ergs. 10 65 1060 10°60 
‘3 0°25 0°25 6230 7°10 7'IO 7°15 
° 4060 © 050 SL 0°50 . 7700 11°30 I1I'30 II'25 
” 0°25 > 0°25 6570 7°50 745 7°50 
4360 .- 0'50 050 4500 6'60 6°55 6°60. 
ee. ee 3770 4°30 4°35 4°30 


“Table IX gives the quantum efficiency of the photo-process in the 
ultraviolet, violet and blue regions. 


ee ss  Danne OX, 


pa=0'9 to r°2. Temp. = 28°. - 


Conc. of Conc, of Quantum enacay (y). 
_ yl. ; uranyl 2 31308, 4o6oR,- -" 43608, 
o’500M _- ‘o's00M ~ + 47 3°6 34 
1 0'250 - 0250 : . 36, + a8 2°6 
0°25 So. . Oras op. at a5 2°r r'8 


The value of y decreases with increasing wave-length: of the radiation, 
zand for the same wave-length, it decreases with decreasing concentration of 
the complex. 

Reaction in Circularly Polarised Light.—The influence of d- and l- 
circularly polarised light on the velocity of the photoreduction in the visible 
and in the ultraviolet regions was studied. Circularly polarised light was 
obtained by the combination of a polaroid and a Fresnel’s rhomb for the 
visible, and by the combination of a Glans polarising prism and a Carl-Zeiss 
quarter-wave plate for the ultraviolet region. The results obtained are 
given below. 


TABLE X. 
Conc. of HyT=0'50M. Conc. of uranyl=o'50M. ps=o'9, Temp.=28°, 
Polarised Jabs. for all dx/dt x x05, 
Radiation. light. complexes, § d-HyT. LH,T. 1-H,T. 
31308 d-circular 1040 ergs. 72 7'2 72 
L ” a» 72 73 71 
Whole visible qd oy 1120 14°6 14°6 147 


i- ” ” 14°5 14°5 14°8 
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There is no difference in the velocity of the reaction in d- and /-light, 
either visible or ultraviolet. For the same kind of polarised light, there is 
no difference in the velocity with complexes of d-, I- or racemic-acids. 


DISCUSSION. 


The following mechanism can explain the n ain features of the photo- 
reduction of the uranyl] nitrate-tartaric acid complex : 


Complex+ hv —>Compiex* ond «. (1) Activation 
Complex* —>Complex a ..» (2) Deactivation 
Complex* +H,T—>Oxidation and reduction ... (3) Reaction 


If k,, k,, and k, are the velocity constants for the processes (x), (2) and 
(3) respectively, we have for the velocity of the reaction the equation, 


k,Xx[HeT 
d di=I, x i 
e/g ine win eT 


i.e., Tabe | when plotted against x/conc. of HT, should give a straight 


line, as is actually the case. There is good agreement between the observed 
values of the velocity and those calculated from the above equation, wherein 
k, and k,/k, have the values given in the above tables. 


The author wishes to express his thanks to Prof. J.C. Ghosh for his 
kind interest in this work. 
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THE CYANINE DYES OF THE PYRIDINE SERIES _ PART UL. 


_ By M. Q. Doya AND DHANUSDHAR PRASAD. a ee 
An attempt has been made to synthesise a uniformly powerful photographic sensic'” 
tiser, which will be usefnl in the manufacture of.‘‘ panchromatic " plates With this’! + 
end in view p- -diethylaminobenzaldeby: de has been condensed respectively with «-picoline- *: 
methoiodide, -ethoiodids, n-propyl iodide and n-butyl 1odide and the dyestuffs thus : 
obtained examined for their chemical, dy eing, optical, and photographic properties ca, 
Mills and Pope (J: “Chem Soc., 1922, 124, 946) Brepaied © an 


important member of the pyridine series of cyanine dyes, 2-p-diméthyl- 


“ 


aminostyrylpyridine methoiodide (A). . ee 
aXe 7 
Me i Se 
wer — “a” * e 
“Mew ® tau 
“Se es ae x ” . te, 
(A) i> Se ee 


This gubstance . possesses the unique property of showing, almost., , 
uniform sensitiveness to the light-of all wave-lengths from the blue to about es 
45600, and-is thus free from the defect of failing to sensitise photographic 
plates for a short region in the bluish green, which so frequently occurs with |. 
sensitisers for the red region of the spectrum. It is this latter drawback 
which has necessitated the use of two sensitisers,a “red? and a ““ green” 
one; in the manufacture of plates,. uniformly sensitive to all wave- lengths 
from the blue to the red end of the spectrum—the so-called ‘ ‘panchromatic ’’ 
plates. If (A) could be made to sensitise further into the red, it may be 
possible to use only one sensitizer in the preparation of panchromatic 
plates. Among the photographic sensitisers, belonging to the cyanine dye 
groups, an increase in the molecular. weight of acompound is known to 
produce .a shift of the maximum of extra-sensitisation towaids the red 
(Hamer, J. Chem. Soc., 1929, 2598; ibid , 1930, 995). In the molecule 
of (A), without affecting its essential structural features, this increase can 
be effected in several ways. One method would be to change the anion. 
This, ‘however, is not expected to be. helpful, because it has been shown 
(Kiprianov dnd Schusser, Proc. Charkov State Univ, 1936, 4, 49; 
Hamer’, Phot. J., 1929, 88, 414) that a change in the anion of a cyanine 
dyestuff has no influence ‘on its sensitising character. Another method 
would’ be to4ncrease the size of the alkyl radical attached to the- quaternaly 
nitrogen atom. ‘This has-been tried (Doja and Prasad, J. Indian Chem, 
Soc-, 1942, 19; 125°. Molecules of (A) containing ethyl, propyl and butyl 
in place of methyl of the quaternary nitrogen atom; ‘have been ayatiiesioet, 
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As expected, the butyl compound does not push the band of extra sensitisa- 
tion farther towards the red, bit not sufficiently far to replace the ‘“‘red’’ 
sensitisers used i in the manufacture of panchromatic plates. Attempts to 
introduce alkyl radicles, larger than butyl, failed probably due to steric 
influences (cf. Mills and Hamer, J. Chem. Soc., 1G¢22, 124, 2008). A 
third method of enhancing the molecular weight of (A), would be to 
substitute the. methyl on the tertiary nitrogen atom by larger radicles. The 
present paper deals with the preparation and properties of such compounds. 

p-Diethylaminobenzaldehyde (supplied by Messrs Eastman Kodak 
Company of Rochester, New York) has been condensed respectively with 
a-picoline-methoiodide, -ethoiodide -n-propyl iodide and -n-buty! iodide, 
yielding dyestuffs possessing the usual “‘cyanine ’’ characteristics. The 
crystals are pleochroic and exhibit characteristic reflexes. ‘They are easily 
soluble in methyl alcohol, ethyl alcohol, water and acetic acid, slightly 
soluble in ligroin, and insoluble in ether, benzene and chloroform. The 
solubility of these compounds increases with decrease in molecular weight, 
thus the, methoiodide is the most soluble in the series. The yield of all the 
four compounds is high and compares favourably with the yields of the 
corresponding conderisation products with p-dimethylaminobénzaldehyde 
(Doja and Prasad, loc. cit.). Fora good yield, however, it is essential that 
the constituents should bé carefully dried before use, and even during 
condensation no moisture should be allowed to enter the reaction vessel. 
In contrast with those of the corresponding p-dimethylamino compounds 
(loc. cit.), the melting points of these substances do not show any regularity 
as we ascend or descend the series. ‘The melting points together with ‘the 
other characteristics of the crystals are recorded in Table I. 


- Tasie I. 
Pleochroism 
- by Ho ‘ots ud.’ 
3g g Q 3 00s ° 8 ° : $ 6 2 
g BS oft teak *5g 2 
a: Mp oy $5 -°8: SESE yee Reflex, - 
a BE 25% cn8m sees 2528 ° 
8 “O = 3 = oO we om fa 3 Me 8 
Flattened 241° Light Ruby-red Deep pink Nearly Strong 
(P) needles mauve (in thin opaque scintillat. 
~ sHeets ing light - 
orange) blue 
Thin smali 205° Vermilion Reddish Orange- Rose Medium 
(Q) felted red oratige yellow bluish 
needles {very weak) white 
(R) Finelong 235° Scarlet | Deeprose Rose-red Reddish \, Strong arc 
needles red ‘ black blue 
(§) Cluster of 244° Reddish Claret | Orange- Dull ; 
tettagonal violet red yellow orange Strong Shin: 


prisms ; ing violet 


~ 


- 
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_ ° Tn Lables l—-VII (P), (Q), (R), (S) refer respectively to the methoiodide, 
ethoiodide, propyl iodide and butyl iodide of the dye. 
Both aqueous and alcoholic solutions of these dyestuffs are orange-yellow 
in colour, the fogmer possessing a pronounced reddish tinge, which’is most 
marked in the lightest member, the methoiodide, and least so in the heaviest 
member, the butyl iodide. The relative intensity of transmitted light for 
equivalent solutions in rectifipd: ‘spirit of the four compounds, ‘as ‘measured 
by a Dubogoq colorimeter, is given in Table II. It is noteworthy that the 
order of relative intensity is the same in both the -dimethylamino (Doja 
and Prasad, loc. cit.) and the -diethylamino compounds : -Ethoiodide> 
methoiodide> -propyl idodide> -buty] iodide. 


. TABLE II. 
cers : Depth of the solution of 
atiooyys : . 
vat fP)- (Q) (R) (S) 
i ae o'r 12°2 . 15'0 
&% T2.\ 10°2 ¢ 10°13 ur 12°23 I5°L ¢ 15°03 
. 10°r 12°3 15'0 
i eRe 162), 183). 2I'r 
18 : x6°r } 16 16 18°37 18°26 2I‘t ; ar 10 
; : 16°2 18'2 21'r 
Relative intensity 1182. 098) 0'"9 ; ‘ 
ae yr iat 0°98 90 8 0:85 0°82 
rtD 3 Taare LI. 


Volume of N/i00-HC] reqnired inc. c. 


Hemie and vol. of | Alcoholic solution Aqueons solution. 
the dye soln. used. Z 


Light lemon Complete deculouri- 


yellow colour . sation 
; 3°9 Ir 22° 
(P)—2 c.c. 3°95 Iss 22°10 
40 1°2 22° , 
ae 42 r'2- 222 + 
(Q)—2 c.c.. 415 1°20 22°25 
4 4'I 1'2 22°3 
4°3 1°5 77 
{R)—2 ec. 4°30 1°55 7:70 
4°3 r6 77 
= 42 15 85 
(S)-—-2 ¢.c. 4°20 1°50 8°50 
42 15 85 


te 


~~ 
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Mills and Pope (Phot. J., 1920, 44, 255) have observed that alcoholic 

: : solutions of certain cyanine 
Fic. 3. dyes are more resistant to 

decoloyrisation by mineral 
sacids than their aqueous 
Solutions. With. the set 
Hof dyes -which we have 
prepared such is not the 
_case. For the same 
volume, the <queous 
solutjon requires. a much 
larger quantity of the 
dilute mineral acid for 
the complete discharge of 
colour, than the alcoholic 
solution. In the case of the 
aqueous solutions, the first 
c.c. has a rapid discharging 
effect; afterwards the light 
lemon-yellow colour of the 
solution becomes very 
resistant, and is not com- 
pletely discharged until 
after the addition of a com- 
paratively large volume of 
acid. The alcoholic solu- 
tions on the other hand, 
behave normally. From 
the figures given in Table 
Ill, it appears that in 
aqueous solution, the me- 
thoiodide and the ethoiodide 
form one similar pair and 
the propyl and butyl 
iodides another. In alco- 
holic solution, all the four 
a compounds behave more or 
less alike. Silk, wool and cotton have been dyed with these in the same 
way as described in an earlier communication (Doja and Prasad, loc. cit.). 
The. first two develop orange’ shades, and the third a chocolate brown 


« Unbathed plate 


. 


} 
‘| 
| 
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colour, the reddish tinge of all of which deepened with, increasing molecular 
‘weight of the “dye. Although some of the shades are very pretty, none 
of them is fast to sunlight or soap washing, the shades produced together 
with other relevant data are summarised in Table IV. 


. Tasre IV. 
Compound Colour produced on ’ : 
Silk Wool.- Cotton. 
(P) Orange-yellow Bright orange Light -chocolate 
{(Q) Orange Rich orange Chocolate 
{R) Reddish orange Deep orange Chocolate-brown 
S) Orange-red © Orange-red Reddish chocolate 


Remarks: 
a 1 Cotton and wool were dyed both from acid and neutral baths, the former always 
producing'a weaker shade 
2. Silk was dyed from weakly acid baths only 


.3- Shades produced on wool, showed greatest (fading) resistance towards sun- 
light 


_’ Fig. x gives the sensitisation spectra of these dyestuffs, photographed 
as before (Doja and Prasad, loc. cit.), except that the solution this time 
is 1: 30,000, and the time of development four minutes. It will be 
seen that the chief characteristic of these spectrographs is the uniformly high 
intensity of the bands of extra-sensitisation. ‘There is no gap, the induced 


TABLE V. 
; Seusitisation 
Compound. Total range Range of uniformly Max. Min. 
of sensitisation. intense sensitisation. 

(P) 4250-56508 4400-54508 53504 ° 50508 

(Q) 4200-5750 4350-5500 5400 5000 

(R} 4250-5750 4400-5650 5500 S050 

(Ss) 4200-5800 4350-5750 5559 5009 


sensitisation bands merging completely into the normal sensitivity of the plate. 
As is to be expected,the gradual increase in the molecular weight produces a 
regular. shift of the sensitisation maxima (Table V) towards the red end of - 
the spectrum, the butyl iodide of the dye being the heaviest, produces the 
maximum shift. On the whole, these new dyes obtained from p-diethyl- 
aminobenzaldehyde, are better sensitisers than the corresponding ones 
derived from p-dimethyiaminobenzaldehyde (Doja and Prasad, loc. cit.). 


’ 


B82 ie Ma QF DoJA AND’ D? PRASAD-' * 


‘Pheduorescetice of weak solutiong (1 :'50,000 in 9055 altohdl)’ of “the séCbin- 
pounds is give: in Table VI- THese have been determined i ia the: same ‘wdy 
as described by Doja he Indian. Cheni. Soevy 5 1940, fi; 348). 


o veo ep oe 
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Colour of the flourescent beam. 


Xu 


Walla ee a ane ae ues 
filter aa (P). ; FQ. (Ri. (S). 
ghTyon ta pty: Weak red = 15; Weak red Weak redsocza: Red "5 
QoS hye ' Crimson red °7! Claret red Flaming red" ' Flaming red 
i 3! te a ; ‘Pink Robt, red Weak pink | ” Light scarlet 
- Reddish yellow Weak orange Orange Yellowish red 
5 Weak yellow Lemon-yellow Weak turmeric Yellow 7 
6 Weak yellow Yellow , Lemon-vellow _. Weak yellow 
7 Grass green Light green Rottle green ; Light green 
8 Weak green Weak bottle Weak emerald. “‘Weak green 
green green : 
9 Very weak Light absorbed Light absorbed Light abscrb- 
wae bluish green ed 
os Io 7 Weak orange Very weak Weak orange Weak orange 
bees v3 orange ~ _ 
‘ 4 Lie TABLE VII. 

3.7 eh. a yo i vs ase 

: Pleochroism 

(Q’ crystal- Nature of Reflex. Colour by Colour Colourin Colour in 

listed from erystals. * reflected through 1st posi- position at 


light transmitted tion of 
light, polariser. to rst. 
- 7 ante £ 4 
Methyl] Mixture of Weak Maroon Rubyred Orange-red Dnll red 
alcohol thombs and — greenish 


needle clusters blue a 
Ethyl Well deve- - Strong Deep , Orange- Deep red Orange- 
alcohol Joped large grass amethyst red (weak) yellow 
tetragonal green : : 
crystals 
u-Propyl Thin small Medium Vermilion Reddish Orange- Rose 
alcohol _ . felted binish red orange ~- yellow 
ei needles : white. ‘ ' _ {very weak) 2 
“n-Batyl Beantiful mica 2 stone Deep Biownish _ Light | Deep 
‘alcohol like glisten- bluish vertnilion yellow . yellow brown 
. ing blunt -white . 8 : ; ; 
gees needles | 5 


n- ‘Amy! Large aggre Weak Signal Claret red Brownish Reddish 
alcohol gates of irre- bluish red ; . yellow brown 
gular crystals white 3 (weak) 
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Some difficulty has been encountered in the purification by recrystallisation 
of the ethoiodide (Q). Alcohols are known to be good crystallising solvents 
for cyanine dyes, the five alcohols, methyl, ethyl, n-propyl, n-buty] and. 
n-amyl, "are, therefore, the first in which suitable conditions for the 
crystallisation of (Q) have been studied. It is found that the dye comes out 
best from a concentrated solution in n-propyl alcohol, when rapidly caoled 
the yield is high, the crystals are pure and the mainpulation smooth. 
Although the five samples of (Q), obtained from the five different alcohols, 
are chemically identical without any solvent of crystallisation and possess 
the same m.p. 205°, they differ in their crystalline form and optical 
properties. These are recorded in Table VII. 


A sample of (Q), recrystallised from n-butyl alcohol, exhibits another 
tinusual characteristic. When moistened with water the deep vermilion 
crystals turn permanently into light brick red, and the original colour 
does not return even after complete drying of the crystals. None of the 


other samples exhibits this colour change. sd 


The ethoiodide of the series (Q), appears to behave in a way different 
from the others. It has a low melting point, 205°, (not of the same order 
as the others), it forms relatively the most intensely coloured solution 
(relative Intensity, 1°16), it has a very weak pleochroism, is difficult to 
purify, and in its preparation the constituents have to be heatéd for a longer. 
period (x6 hours) than in other cases. . 


This uncommon behaviour of an ethoiodide in a series of cyanine dyes 
is not quite unknown. Pope and Mills (Phot. J., 1920, 44, 256) noticed that 
whereas carbocyanifie ethoiodide is a powerful photographic sensitiser, the 
other members of the series do nat possess this property to any pronounced 
extent. 


ExPERIMENTAL. 


2-p-Diethylaminostyrylpyridine-meth oiodide.— p-Diethylaminobenzalde- 
hyde (115 g.), a-picoiine methoiodide (1°53 g.) and piperidine (0'5 c.c.) 
were dissolved in absolute alcohol (30 ¢.c.) and the solution boiled under 
reflux by a rose burner. Within a few minutes, the solution became 
deep orange and red crystals began to separate out. After 1 hour’s heating 
the solution was cooled, and the crystals recrystallised from methy] alcohol, 
yield 2°03 g. (80%). (Found: N, 7°25; I, 32°32. CisHsysN.1 requires 
N, 7°11 ; I, 32°24 per cent). 

2-p- Diethylaminostyrylpyridine - ethoitodide—a-Picoline ethoiodide 
(3°75 g.), piperidine (z°0 c.c.) and absolute alcohol (70 c.c.) were refluxed 


‘ 
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together for 16 hours. After prolonged cooling in a frigidaire (48 hours) 
crystals ‘separated out which were recrystallised from n-propyl alcohol. 
On concentrating the mother-liquor and again cooling in the frigidaire some 
more crystals were obtained, yield 4°57 g. (75%). (Found : N, 6°89 ;'I, 
31°43. C,sHesNal requires N, 6°86 ; I, 31°13 per cent). f . 

2-p-Diethylaminostyryipyridine-n-propyl iodide.—A_ solution of o- 
picoline-n-propyl iodide (3°65 g.), p-diethylaminobenzaldehyde (2°45 g.) 
and piperidine (xu c.c.) in absolute alcohol (60 c.c.) were briskly boiled 
under reflux ; a deep ‘red colour developed almost immediately and after 
3 hours, beautiful shining red crystals were deposited. These were recrys- 
tallised ffom absolute alcohol, yield 5°85 g. (67%). (Found: N, 6°85; 
I, 30°29. CgoHa;N,I requires N. 6°64 ; I, 30'09 per cent). 

a-p-Drethylaminostyrylpyridine-n-butyl 1todide was obtained by 
refluxing ‘a mixture of a-picoline-n-butyl iodide (4°04 g.), p-diethylamino 
-benzaldehyde (2°58 g.), piperidine (r cc.) and absolute alcohol (60 c.c.) 
for 3 hours. A second crop was obtained by distilling off a portion of 
the alcohol and cooling the mixture. “The crystals deposited were recrys- 
tallised from absolute alcohol, yield 6°4 g. (76%). (Found : N, 6°58 5 I, 
29°4. Ca:Ha Nal requires N, 6°42 ; I, 291 per cent). 

“The authors are indebted to Professor L. M. Chatterjee of the Physics 
Department for help in ‘taking the sensitisation spectra. Acknowledgment 
is made by ons of us (D.P.) for the grant of a research scholarship by the 
Government of Bihar. ‘ 
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THE ALKALOID OF BERBERIS UMBELLATA, WALL. 
PART III. 


By R. CHATTERJEE. 


Umbellatine CyHyOsN, the common alkaloid of the Himalyan specics of Berberts 
yields on potassium permanganate oxidation hemipinic acid and on potassium hy- 
droxide fusion, protocatechuic acid. These results show that the two methoxy groups, 
are in adjacent positions in a benzene nuclens in umbellatine and that-other groups, 
like the methyienedioxy and hydroxyl, are not present in the benzene ring con- 
taining the two methoxyl groups. 


Umbellatine, C,,H,,0,N, which is found to be present not only in B. 
umbellata (J. Indian Chem. Soc., 1940, 17,, 289 ; 1942, 19, 233) but also 
in other Himalyan species of Berberis, e.g., B. insignis (J. Amer. Pharm. - 
Assoc., 1941, 80, 247), B. lycium, B. nepalensis and B. Wellichiana 
(Science & Culture, 1942, 7, 619) yields hemipinic acid (C,,H,.0,) on 
oxidation by potassium permanganate solution, like berberine C,,H1,0.N, 
(Perkin, J. Chem. Soc., 1889, 68, 63) the common alkaloid of the 
European species of Berberis, or other isoquinoline alkaloids, corydaline, 
Cy2HarO.N, (Dobbie and Lauder, J. Chem. Soc., 1902, 81, 145; 1903, 88, 
605), and narcotine, C,,H,:0,N (Wohler, Annalen, 60, 17). Hemipinic 
acid, thus obtained, melts at 177-78°5°, which does not eliminate its 
possibility of being m-hemipinic acid, m.p., 175° as obtained from papa- 
varine, CysH:0,N (Goldschmidt, Monatsh, 1888, 9, 327; ibid., 1888, 9, 
778), and also from corydaline (loc. cit.). To elucidate its nature the 
ethylimide of the hemipinic acid is prepared and its melting point 
determined as 92°, which proves conclusively the nature of the hemipinic 
acid as 3: 4-dimethoxyphthalic acid since the ethylimide of m-hemipinic 
acid melts at 226-27°. 

The production of hemipinic acid shows conclusively that the two 
methoxy groups present in umbellatine are placed adjacent to each other 
and that they are present ina benzene ring in the- umbellatine molecule. 
The two carboxyl groups next to the methoxy groups are in all probability 
_ produced by-the-fission of the linkings of a fused ring of the molecule, as 
in the case of the molecules of other bases, like berberine etc. 

Like berberine, umbellatine also yields protocatechuic acid on 
fusion with solid potassium hydroxide above 250°. Protocatechuic acid 
might have been obtained by the production and subsequent demethylation 
and elimination of. a molecule of carbon dioxide of one of the two carboxyl 
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groups of hemipinic acid, since Perkin (loc. cit.) has shown that hemipinic 
acid yields on potash fusion protocatechuic acid. 


EXPERIMENTAL. 


Permanganate Oxidation of Umbellatine.—Uinbellatine hydrochloride 
(5 g.) was dissolved in warm water (r50 c.c.), and treated with potas. 
sium carbonate (r°o g.) solution and then oxidised by slowly running in 
a solution of potassium permanganate solution (25 g. in 500 c.c. of water). 
The decolourisation of the permanganate was very rapid at start, and 
as soon as about 330 c.c. of the solution were added, decolourisation slowed 
down appreciably, and continued warming was necessary to remove the 
last traces of the pink colour of the permanganate solution. 


The solution was left overnight and then saturated with carbon dioxide 
gas and filtered from the manganese precipitate. The filtrate and the 
washings were evaporated completely to dryness on a water- bath, and the 
residue was soxhletted with absolute alcohol. ‘The residue obtained after 
removal.of the last traces of alcohol, was dissolved in water and the brown ; 
aqueous solution was treated with dilute sulphuric acid when a small 
quantity of sticky matter separated which could not be solidified. ‘The 
sticky matter was removed by filtration and the filtrate was extraced con- 
tinuously with ether (roo c.c. in 4 instalments) by shaking each time in a 
mechanical shaker for 8 hours. ‘The ethereal solution on removal of ether 
yielded a pale yellow oily residue which solidified when kept in 
a vacuum “desiccator over concentrated sulphuric acid for a week. 
It was then sublimed at o'r mm. pressure when a minute quantity 
of a yellow liquid separated first at 140-150°, and then a transparent cry- 
stalline solid, moist with the liquid, at 150-r60°. The moist solid when- 
dried on a porous plate melted at 125°-157°. 


- 


The moist solid was well washed with small quantities of ether, dried. 
and powdered and warmed with concentrated hydrochloric acid and kept 
oyernight and filtered from the acid solution and repeatedly washed with 
cold water in small amount. ‘The filtrate and the washings yielded a very 
smnall quantity of a semi-solid which could not be successfully handled: 
The residue was then dried, m.p. 155°-60°. The melting point - further 
rose to 177-178'5°, on slow crystallisation of the solid from boiling water. 
(Found in the sample dried in vacuo over P,O; at 100°: C, 52°96; H, 
4°75. Calc. for CipH 1000 : C, 53° ; H, 4°43 per cent). ‘To identify the hemi- 

--pinic acid thus obtained, the m.p. of the sample was compared with that 
of; hemipinic. acid prepared from opianic acid. The hemipinic acid, as. 


/ 
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obtained from narcotine melted at 179-80°, and when inixed with that 
obtained from umbellatine-melted at 179°. 

. . The ethylimide derivative of hemipinic acid was prepared according to 
Pekenaes (Ber., 1886, 19, 2275), by dissolving the purified acid 
obtained from utbellatine in an aqueous solution -of ethylamine 
(30%) ‘and evaporating it to dryness. The residue, thus ‘obtained, 
was heated carefully over a naked flame, and then exhausted with 
boiling methyl alcohol. On codling, the ethylimide separated as. needles, 
m.p. go°. The melting point did not change even on high 
vacuum sublimation of the ethylimide at 125-135° under. o'15-mm. pressure. 
The ethylimide of hemipinic acid, obtained from narcotine, ‘was purified 
by the author by high vacuum sublimation and by repeated crystallisation 
from water, and was found to melt sharply at 92° (mixed m.p. with the 
ethylimide of the hemipinic acid from umbellatine). This shows that the 
hemipinic acid thus obtained is 3: 4-dimethoxyphthalic acid. (Found in 
the vacuum dried sample : N, 5°63. Calc. for Cj,H,O,N : N, 5’9 per cent). 

Fusion of Umbellatine with Potassium Hydroxide.—Umbellatine (rz g.) 
and potassium hydroxide (6g.) were heated rapidly with constant stirring 
in a nickel crucible on a metal-bath. When the temperature reached 
270-280°, bubbles of a pungent smelling gas resembling methyl or ethyl- 
amine were evolved. ‘The foaming mass was stirred and kept at the above 
temperature for ro minutes. The mass was then cooled down quickly to 
room temperature, and treated with water (30 c.c.) and the dark aqueous 
solution was saturated with solid ammonium chloride and filtered. On 
treatment with animal charcoal a clear dark brown coloured filtrate was 
obtained. The filtrate was extracted with ether, the ethereal solution 
was washed twice with water and then dried over anhydrous sodium sul- 
phate. On removal of ether, a brown syrupy residue was obtained, 
which crystallised immediately as needles contaminated with resinous 
matter. The needles could not be freed from the associated impurities by 
crystallisation. The aqueous solution of the needles was acidic, and 
produced a deep emerald green cojiouration with ferric chloride solution. 
On adding a solution of sodium carbonate’ the green colour changed first 
to blue, then violet and finally red. Like protocatechuic acid, it reduced 
an ammoniacal solution of silver nitrate and gave with lead acetate solution 
a white precipitate soluble in acetic acid. 

The needles were then purified by high vacuum sublimation at o'1 
mm. pressure. Two fractions were obtained—the one as a slightly 
brownish coloured crystalline solid at 140-160°, and the other which was 
the main fraction as colourless crystals, at 160-170°. The first fraction 
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melted at 103°. The fraction did not depress the m.p. of pyrocatechol 
and in fact responded to the reactions of pyrocatechol. 


The.second fraction, the colourless crystals, melted with decomposition 
at 196-98°, the m.p. of protocatechuic acid. When mixed with an 

; authentic sample of protocatechuic acid the m.p. did not change. (Found: 
C, 50° ; H, 4°8. Calc. for CyH,O,, H.O : C, 49'0; H, 4'7 per cent). 


The author expresses his gratitude to Mr. N. Ghosh, M.Sc. for all the 
* micro-andlyses recorded in this paper. 
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AURICULARINE—A NEW ALKALOID FROM THE ROOTS 
AND STEMS OF HEDYOTIS AURICULARIA. 


By A. N. RATNAGIRISWARAN AND K.VENKATACHALAM. 


Chemical examination of the root and stem of Hedyotis auricularia has shown the 
presence of the following constitnents: fatty matter yielding on saponification stearic 
and linoleic acids, a phytosterol, alizarin, oxalic acid, glucose, a crystalline alkaloid, 
auricularine (CgHjsONs mp. 210°) and amorphous bases. Results of micro-analyses 
show that auricularine is different from the alkaloid hedyotine, isolated from the same 


plant. Unlike hedyotine, auricularine is a crystalline alkaloid with definite chemical 
characteristics. 


The root of Hedyotis auricularia was examined by Dey and Lakshmi- 
narayanan (Arch. Pharm., 1933. 274, 485) and was found to contain, besides 
a fatty oil, glucosides, reducing sugars, colouring matter, tannins and albu- 
-mins and an alkaloid named ‘Hedyotine’ (C,.Ha,03N,). The alkaloidal’base 
-could not, however, be obtained by them ‘in a stable form, as they found it 
to change rapidly into a pasty mass on exposure to air. ‘The hydrochloride 
-and the nitrate of the alkaloid were, on the other hand, reported very stable. 
and could be obtalned in crystalline condition. 


A fresh chemical investigation of the plant was undertaken in this 
laboratory in order to isolate, if possible, hedyotine base in crystalline 
condition, and to find out if any other constituents were present to which 
the ascribed amoebicidal action of the drug could be attributed. Asa result 
a stable, crystalline alkaloid has been isolated. though in very poor yield. 
But it appears to be different from hedyotine, because the results of micro- 
combustion show that its formula is C,;H;,ON;, while hedyotine is stated 
to have a simpler formula, and further, it does not yield the coloured 
crystalline salts described by the previous workers (loc. cit.). The melting 
point of ‘the picrate of the new crystalline alkaloid (217-18° decomp.) is also 
widely different from that of hedyotine picrate which is stated to melt at 265° 
“with decomposition. It is, therefore, apparent that the crystalline alkaloid, now 
isolated, ‘is different from hedyotine, and the name Auricularine is proposed 
‘for it. As the yield of the alkaloid is only about o’001% of the dried 
plant, a sufficient quantity could not be isolated for a detailed examination. 

The uncrystallisable residues left after the separation of auricularine 
‘still contained a large amount of alkaloidal matter from which no crystalline 
base, bit only a microcrystalline bydriodide (m.p. 215-20° decomp.) could 
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be isolated. Further attempts to obtain crystalline material from this 
fraction are in progress. 

The other constituents found to be present in the alcoholic extract of 
the drug are: fatty matter, yielding on saponification stearic and linoleic 
acids, a phytosterol, (m.p. 141-42°), alizarin, uncrystallisable substances 
which give colour reactions similar to those of oxymethylanthraquinone 
compounds, oxalic acid and glucose. . 


4 


EXPERIMENTAL. - 


’ The material for the investigation consisting of the stem and root of the 
plant was supplied to us by the Forest Department of the Travancore State 
to whom we are deeply indebted. 

Examination for alkaloid by extraction with Prollius’s fluid gave marked 
- -reactions with the usual reagents. 

The powdered plant was assayed for alkaloidal content by a gravimetric 
method based on the U.S.P. [X method for assay of Belladonna root, using 
as solvent a mixture of three volumes of ether and one volume of chloroform. 
‘The alkaloidal content of the plant was, on an average, o'29% of the dried 
material. 

Isolation of Auricularine.—25 Kg. of the powdered drug were extracted 
with go% alcohol and the solvent was distilled off under reduced pressure. 
The residue (568 g.) was treated with benzene in order to remove fats and 
waxes, and the benzene extract (A) was reserved for further examination. 

‘The residue that remained insoluble in benzene was repeatedly shaken 
with 2% sulphuric acid solution till the acid extract ceased to give alkaloidal 
reactions. ‘The benzene extract (A) was also extracted with dilute sulpburic 
acid solution to recover any dissolved alkaloid, and the combined acid 
‘solution was shaken with ether to remove mon-basic impurities. The 
aqueous acid solution was then nearly neutralised with 5% sodium carbonate 
solution, taking care that the solution remained distinctly acidic to 
litmus. ‘The precipitated impurities were filtered off, excess of strong 
ammonia was added to the filtrate, and the solution was shaken with chloro- 
form till no more alkaloid was extracted with the chloroform. ‘The chloro- 
form solution was washed with distilled water and dried with anhydrous 
sodium sulphate. On evaporating off the chloroform, a brownish residue 
was left (14°6 g.) which was dissolved in 10% acetic acid solution. ‘T'o this 
solution was then added a strong solution of potassium nitrate till no further 
precipitation occurred. The precipitate was filtered off after standing over- 
night, and the filtrate was rendered, alkaline by the addition of ammonia, 
The precipitated alkaloid was filtered under suction, washed thoroughly with 
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distilled water, and dried in a.vacuum desiccator, The dried alkaloid was 
then extracted with benzene in a Soxhlet and the benzene solution was 
_ decolourised with animal charcoal and filtered. The residue from the 
benzene extract was dissolved in alcohol and the solution neutralised 
with 5% alcoholic solution of oxalic acid. On adding a little water and 
leaving it in the refrigerator for a day, thin glistening needles of auricularine 
oxalate separated out, which were rapidly filtered under suction and washed 
with 95% alcohol The oxalate was recrystallised from 70% alcohol. On 
heating, auricularine oxalate turned brown at 185° and charred at 230° 
without melting. ‘ 

‘The oxalate was dissolved in water, excess of ammonia was added to 
the solution, and the precipitated alkaloid was shaken with ether. The 
ethereal solution was shaken with water and dried with anhydrous sodium 
sulphate. On spontaneous evaporation of the ether, auricularine was ob- 
tained in the form of colourless rosettes of needles, yield o'2 g. It was 
recrystallised from 90% alcohol, On heating, auricularine turned brown at 
192° and melted with decomposition at 201°. 

On drying in vacuo over phosphorus pentoxide at 100°, the crystals 
suffered a loss of weight .of 2°65%. CiaHssONs, HO requires a loss of 
weight of 2°71%. (Found in the dried sample: C, 78°24; H, 8°64; N, 
10°62. .CysHssON; requires C, 78°07; H, 8°59; N, 10°85 per cent). 

Auricularine picrate was obtained as a microcrystalline yellow powder 
by mixing an alcoholic solution of auricularine with an alcoholic solution of 
picric acid and recrystallising from alcohol. On heating, the picrate melted 
with decomposition and frothing at 217-18°. 

The mother-liquors after the crystallisation of auricularine oxalate were 
diluted with water, made alkaline with strong ammonia, and shaken 
with ether. The ethereal solution was washed with water and dried with an- 
hydrous sodium sulphate. The residue left after evaporating off the ether 
was dissolved in dilute acetic acid and mixed with a slight excess of a con- 
centrated solution of potassium iodide. A cream coloured microcrystalline 
precipitate was obtained, which was washed with a dilute solution of potas- 
sium iodide and dried in a vacuum desiccator over sulphuric acid, yield 
14g. On heating, the hydriodide turned dark in colour at 195° and 
charred without melting at 215-20°. Attempts to obtain a crystalline base 
from the salt have not yet been successful, 

Tsolation of Alizarin.—The benzene extract (A) from above was treated 
with sodium hydroxide solution till the latter was no longer coloured violet. 
The addition of baiyta water to the solution caused a purplish precipitate 
which was well washed with water to remove soluble barium compounds 
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The washed precipitate was then suspended in boliing water and mixed with 

hydrochloric acid when an orange coloured precipitate separated. This was 

filtered; washed and dried. On crystallising from benzene, reddish needles, 
m.p. 279°, were obtained which gave all the reactions characteristic of 
alizarin. ‘The filtrate from the baryta precipitation did not ‘yield any crystal- 

line substance. 

Fatty Constituents.—The residue from the benzene extract (A) after 
the alizarin had been separated was examined for fatty acids and non-saponi. 
fable constituents by the usual methods, 

Non-sapon#fiable Constituents.—A crystalline phytosterol, m.p.~141- 
42°, yielding a crystalline acetate, m.p. 128-29°, was isolated from this 
fraction. 

Saturated Fatty Acids.—An acid, m.p. 67° and having a molecular 
weight of 342 was obtained which would appear to be stearic acid. 

Unsaturated Fatty Acids.—The presence of linoleic acid was indicated 
in this fraction by the fact that on oxidation with alkaline potassium perman- 
ganate solution a tetrahydroxystearic acid, m.p. 154-55°, could be obtained. 

Other Constituents.—The alkaline aqueous solution remaining after the 
separation of the alkaloids was neutralised with acetic acid and treated with 
aslight excess of neutral lead acetate solution. The precipitate abtiined 
was washed and submitted to the method of separation of organic acids 
(Fleischer, Arch, Pharm., 1874, 208, 97). ‘The presence of oxalic acid was 
indicated by its typical reactions in the portion of the lead precipitate 
insoluble in ammonia. 

The filtrate from the lead precipitate was treated with hydrogen 
sulphide, lead sulphide was filtered off,, and the filtrate was concentrated 
under vacuum. ‘The syrupy residue gave the usual reactions of a reducing 
sugar, and yielded an osazone, m.p. 105°, indicating the presence of glucose 
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FORMYLATION OF METHYL »-RESORCYLATE BY GATTER- 
MANN REACTION: SYNTHESIS OF METHYL 2: 6- 
DIHYDROXY-3-FORMYLBENZOATE. 


By (Miss) K. S. Rapwa AND R. C. SHaAz. 


Methyl y-resorcylate has been subjected to Gattermann reaction giving methyl 
2 :6-dihydroxv-3-formylbenzoate, several derivatives of which are studied .and the consti- 
tution of the ester is established. 

Although phenols undergo the usual Gattermann reaction readily, 
phenolic esters cannot be readily formylated due, no doubt, to the deactivat- 
ing effect of the carbomethoxy group. Thus methyl A-resorcylate does 
not-undergo the usual Gattermann reaction, but it can only. be formylated 
by Shah and Laiwalla’s modified Gattermann reaction using anhydrous 
aluminium chloride in dry ether (Shah and Laiwalla, J.. Chem. Soc., 1938, 
1828). - 


Methyl y-resorcylate has now been studied for comparison and it has 
been found that the formylation proceeds under the usual condition, in 
absence of anhydrous aluminium chloride. -The product obtained has- beeh ~ 
proved to have the structure of methyl 2:6-dihydroxy-3-formylbenzoate 
(I, R=Me) and has been characterised by the preparation of its 4-nitro- 
phenylhydrazone and semicarbazone derivatives. 


‘The present study thus shows that the carbomethoxy group in the 
y-position has no deactivating effect on the reactivity of the resorcinol 
nucleus, whereas the carbomethoxy group in the f-position has considerable 
deactivating effect. This is analogous to the difference in the reactivity 
between the a-acetyl and 4-acetylresorcinols, the former of which is almost 
as reactive as resorcinol as regards Pechmann’s condensation with ethyl 
acetoacetate, while the latter is much less reactive. On hydrolysis it 

affords the corresponding acid (I, .R=H), which on decarboxylation gives 
B-resorcylaldehyde, which establishs the structure of the formyl] ester. 

The ortho-hydroxy-aldehydo structure has been further proved by the 
formation of coumarin derivatives namely, methyl 7-hydroxy-3 -acetyl- 
coumarin- 8-carboxylate and ethyl 7-hydroxy-8-carbomethoxycoumarin-3- 
carboxylate with ethyl acetoacetate and ethyl malonate respectively. by the 
Knoevenagel reaction. 

-;_, On, Clemmensen reduction the formyl ester yields siethyl 2 :6- 
dibydroxy- 3-methylbenzoate, bromination and nitration of which yields 
4—1427P—9 
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methyl 2,6-dihydroxy-3-formyl-5-bromobenzoate and methyl 2:6-dihydroxy- 
3-formyl-5-nitrobenzoate respectively. 


COOR 


“ 


(1) 


7 EXPHRIMENTAL, : 

Methyl 2 : 6-Dihydroxy-3-formylbenzoate (I, R=Me).—To a solution 
of anhydrous methyl y-resorcylate (3 g., 1 mol.) in dry ether in a flask,’ 
G6oled by freezing mixture, zinc cyanide (4°2 g., 2 mols.) was added followed 
by a further addition of dry ether (s0c.c.). Dry hydrogen chloride was 
then passed for 5 to 6 hours through the cooled solution which was kept well 
stirred all the time. “The zinc cyanide gradually diseppeared,, the solution 
turned pinkish and a pasty mass separated. 

The ether was decanted and water (50 c.c.) was added to the pasty 
mass and the mixture was heated on a water-bath for about 2 hours and 
the mixture filtered hot. The: filtrate deposited very long golden yellow 
needles on cooling, which on crystallisation from glacial acetic acid gave 

- colourless needles, m.p. 113-15°. (Found: C, 55°3; H, 4'6. C,H,O, 
requires C, 55°1; H, 4’r per cent). ‘ 

‘The experiment was repeated with the addition of anhydrous aluminium 
‘chloride in dry ether, when the reaction mixture turned reddish brown 
and no product could be isolated nor the original y-ester recovered. 

The 2: 4-dinitrophenylhydrazone, prepared as usual, was crystallised 
from glacial acetic acid in tiny orange needles, m.p. 272-75° (decomp.). 
(Found: _N, 14°9. CisHi:0,N, requires N, 14°9 per cent). 

The semicarbazone, preps as usual, was crystallised from hot alcohol 
in small needles, m.p. 220-22°. (Found: N, 16°2, Cy,H105N, requires 
N, 16° 6 per cent). 

M ethyl  7-Hydroxy-3-acetylcoumarin - 8 -carboxylate.—Piperidine 
(4 drops) was added toa mixture of the formyl ester (x g.) and ethyl 
acetoacetate (1 g.) dissolved in pyridine (10 c.c.) and the mixture was heated 
at 100° ona water-bath for x hour. The solid, obtained on acidifying with 

- dilute hydrochloric acid, crystallised from hot alcohol in greyish white 
needles, m.p. 245-46°. (Found: C, 59°4; H, 4°8. CisHioO, requires C, 
-59°5; H, 4°8 per cent). 

Ethyl 7-Hydroxy-8-carbomethoxycoumarin -3- carboxylate. — ‘The 
formyl] ester (1 g.) was condensed with ethyl malonate (1 g.) in the presemice 
of piperidine (4 drops) by heating on a water-bath for 2 hours. The product 
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obtained on acidification was crystallised from hot alcohol in tiny colourless 
needles, mp. 255-56°. (Found: C, 57.0; H, 4'0. CyH.;0, requires 
C, 57°5; H, 4’x per cent). 

Methyl 2 :6-Dihydroxy-3-methylbenzoate.—The formyl ester (1 g.), 
dissolved in hof alcohol (10 c.c.), was gradually added to a mixture of zinc 
amalgam, prepared from zinc dust (5 g.) according to Robinson and Shah, 
(UJ. Chem. Soc., 1934, 1497) and dilute hydrochloric acid (x: 1x, 25 c.c.) at 
100°. - More alcohol was added whenever necessary to keep the ester in 
solution. After one hour concentrated hydrochloric acid (5 c.c.) was added 
and heating continued for further $ hour. The teaction mixture was 
extracted with ether. On cooling, the extract left an oil which on being 
kept in the frigidaire for several days deposited very fine long pink needles, 
m.p. 62-63°. (Found: C, 64°8; H, 5°6. C,H Os; requires C, 6571; 
H, 6’0 per cent). 

2:6-Dihydroxy-3-formylbenzoic Acid (I, R=H).—The formyl ester 
(o'3 g-) was heated on a boiling water-bath for 2 hours with sodium 
hydroxide (10 c.c., 10%). The solution was acidified and extracted with 
ether. ‘The yellow solid left on evaporation of the ether was crystallised 
from hot water in small pale yellow needles, m.p. 215-16°. (Found: 
C, 52°3; H, 3°8. CsH,O; requires C, 52°7; H, 3°3 per cent).- 

Decarboxylation of the acid was carried out by heating the acid 
(o'3 g-) in a Carius tube with water (10 c.c.) and hydrochloric acid 
(x:1, 1 ¢.c.) for 8-9 hoursat 180-r90° when a solid was obtained. This 
was washed with sodium bicarbonate solution and crystallised from hot 
alcohol in very pale yellow needles, mp. 132-34°. Mixed melting point 
with an authentic specimen of 8-resorcylaldehyde was not depressed. 

Methyl 2: 6-Dihydroxy-3-formyl-5-nttrobénzoate.—The formyl! ester 
(o’5 g.) was dissolved in concentrated sulphuric acid (5 c.c.) and concentrated 
nitric acid was added with external cooling. The mixture was left over- 
night and the solid separating was crystallised from hot alcohol if 
long pale yellow needles, m.p. 148-50°. -(Found:N, 5'6. C,H,O,N 
requires N, 5°8 per cent). 

Methyl 2 : 6-Dihydroxy-3-formyl-5-b1 omobenzoate.—The formyl! ester 
(x g.) was dissolved in glacial acetic acid. Bromine (o's c.c.) in glacial 
acetic acid (ro c.c.) was added with stirring. The product obtained on 
- diluting the solution the next day was crystallised from dilute alcohol, 
m.p. 143-45°. (Found: Br, 28°9. C,H,O,;Br requires Br, 29’0 per cent) 


a. 
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ORGANIC ANALYTICAL REAGENTS CONTAINING 
SULPHUR. 


By Ant, KumsArR MAJUMDAR, 


Dimercaptothiobiazole (Losanitsch, J. Chem. Soc., 1922, 124, 2544) and 
phenyldithiobiazolonthiol (Busch, Ber., 1894, 27, 2511) having the reacting 
groups RN-CS-S-C (SH)=N, have been found to give coloured precipitates 
with the metals of the sulphide group. ; 

The reagent dimercaptothiobiazole gives red precipitate with bismuth, 
white to yellow precipitate with other metals of the sulphide group, except- 
ing mercury with which it givesa black precipitate, while the reagent 
phenyldithiobiazolonthiol gives yellow precipitates with gold, mercury, 
lead, silver, platinum, arsenic and antimony, white with cadmium and zinc, 
brown with copper, brick-red with tin and red precpstetee with bismuth 
and palladium. 

Dubsky and co-workers (Z. anal. Chem., 1934, 96, 267, 412) have used 
both the reagents for the detection of very small quantities of bismuth, their 
identification limit being 1°2 ug. and sensitivity z part in 28,000 parts. 

Ray and Gupta (J. Indian Chem. Soc., 1935, 12, 308) found with the 
reagent dimercaptothiobiazole that the identification limit reaches o'1pg. and 
sensitivity one part in 1,600,000 parts if nitric and not hydrochloric acid 
solution of bismuth is used, 
~ ° Recently it has been observed by the author that the red precipitates of 
the bismuth compounds given by both the reagents can be peptised by a 
solution of gum acacia of suitable. concentration and that the colours 
developed can be used for the estimations of bismuth, as the intensity of 
colours varies regularly according to Beer’s law. 

Also it hasbeen observed that the colouration limit with both the 
reagents reaches one part in 6,000,000 parts 1f a very dilute nitric acid solu- 
tion of bfsmuth is used and that bismuth up to the extent of 3y in 20 c.c. 
solution can be estimated with a high degree of accuracy. 

The details of the methods for the colorimetric estimations of bismuth 
as well as other possible uses of the reagents will be published shortly. 


Inorcanic CHEBISTRY LABORATORY, 
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MIXED CATION EFFECTS IN THE ESTIMATION OF 
BASE-EXCHANGE CAPACITIES OF 
HYDROGEN CLAYS.* 


By J. N. MuxHeajuxz, R. P. MitrA AND K. C. Guosa. 


Ina number of previous publications (Mitra, Indian J. Agric. Sci., 
1936, 6, 5553; J. N. Mukherjee, Mitra and S. Mukherjee, Trans. Nat. 
Inst. Sci. India, 1937, 1, No. 10, 227; Mitra, S. Mukherjee and Bagchi, 
Indian J. Agric. Sci., 1940, 10, 303 ; Mitra, ibid. p. 317; Mitra and Mitra, 
ibid., p. 344; Mitra, Bull. Indian Soc. Soil Sct., 1942, No. 4, 41) it has 
been shown that the base exchange capacity (n.x.c.) of a hydrogen clay is not 
a fixed quantity but depends on the px at which it is estimated and on the 
nature and concentration of cations introduced into the system in making 
the estimation. Ata fixed px, e.g. px 7'0, the B.E.c. calculated from | 
titration curves with different bases decreases in the order Ca(OH), > 
Ba(OH), > NaOH. When, however, the titration is carried out in the 
presence of a fixed concentration of the Corresponding salts having a 
common anion, e.g., chlorides, the B. B.C. follows the order : BaCl,,- Ba(OH), 
> CaCl,, Ca(OH), > NaCl, NaOH. The greater relative effect of Ca**, 
compared with Ba** in, the absence of salts constitutes an irregular or 
Specific cation, effect, in the sense that the lyotrope series is not followed. 
In the presence of salts;-the cation ‘effect is regular.- It has been found 
that, the greater part of the 1eaction with the base takes place at a lower 
pa* when Salts are present than when the bases aloue are used. In the 
papers cited above these two types of cation effect have been reconciled 
in the light of the theory of the electrical double layer and of adsorption 
of ions assuming that in the presence of salts cations are adsorbed in a 
hydrated condition and when salts are absent, adsorption: of more or less 
dehydrated cations takes place. 


Other peculiarities of the cation effect, not Siearly’ recognised by pre- 
vious workers, have also been. recorded and are discussed below. . They 
were observed when the added salt had cations other than those of the base 
used for the titration. A clear understanding of such mixed cation effects 
is desirable as the soil absorption complex usually contains more than one 


* This work has been carried ont under 6 scheme of research financed by the 
Imperial Council of Agricultural Research, India. 
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type of exchangeable cations and the part they may play, individually and 
relatively to each other, on the base exchange and other reactions of the 
complex is not definitely known. Some results obtained with a hydrogen 
clay from a black cotton soil from Padegaon are givey in Table I. As 
B.EC.’s at a fixed 2, viz., px 7°o have been compared, their variations 
arise only out of the peculiarities of the cation effect. , 


Tasue I. 
Base exchange capacity. 


At pu 7'o in m.e. base per 100g. H. clay with 


System. ‘NaOH. BalOH)s. Ca(OH) 
Sol-+o0'o02N-NaCl 63°0. 67'0 67°0 
» +0°002N-BaCl, 68’0 700 700 
: »» “-o’002N-CaCl, 67°0 70°0 69°0 
“~ * +o°1N-NaCl 80'0 87°0 850 
» +0°IN-BaCl, 1140 142 0 1190 
», +to°rN-CaCl, I10°0 120°0 : 116°5 


The p.k.c. with a given base in the presence of a fixed concentration _ 
of different salts follows the order : BaCl, > CaCl, > NaCl in agreement 
’ with the regular cation effect. The same order: Ba** > Ca**, > Na* of 
‘the relative effects of the cations is also observed when different bases are 
used in conjunction with any one of the above salts; the B.x.c. follows 
the order: Ba(OH), > Ca(OH), > NaOH. It is interesting to note; 
however, that in the presence of either BaCl, or CaCl, NaOH gives a 
smaller B.E.c. than Ba(OH), or Ca(OH), although the concentration of the 
divalent cations cannot be materially different in the titration with the 
three bases. Some sort of an ionic antagonism between the comparatively 
few Na* ions on the one band and the large number of Ba** and Ca**t ions 
on the other, is indicated. The otherwise greater effect of the divalent 
cations and their capacity to displace acid from the colloldal particles appear 
to be somewhat inhibited by the Na* ions present at a much lower 
concentration. 


_Couiorp Research LaporatTory, 
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EFFECT OF NON-ELECTROLYTES ON THE Py AND 
SPECIFIC CONDUCTIVITY OF HYDROGEN CLAY SOLS.* 


By R. P. Mitra AND K, C. GHosH. 


Hydrogen clay, as usually obtained from the clay fraction of soil by 
electrodialysis or repeated leaching with a dilute mineral acid after treat- 
ment with 6% hydrogen peroxide to oxidise organic materials contained 
in it,has characteristic acidic properties (Mitra, Indian J. Agric. Sei., 
1936, 6, 555; 1940, 10, 317 ef seq). The pre-treatment with 6% hydrogen 
peroxide may not effect a complete removal of the organic matter in all 
cases. If a hydrogen clay containing’ some residual organic matter 
(r.o.m.) is treated with an organic solvent a part of the r.o.m. 
may be dissolved. Some peculiar observations have been made by us in 
this connection. It has been found that the addition of traces of alcohol 
to a hydrogen clay sol produces a sharp rise in the specific conductivity 
and a correspondingly sharp fall in the px (cf. Fig. 1). As the concentra- 
tion of alcohol increases, the conductivity reaches a maximum value and 
then rapidly decreases and finally tends to remain constant ; at the same 
time, the x passes through a minimum value and then increases approach- 
ing a constant value towards the end. The maximum conductivity and 
the minimum x are observed at about the same concentration of the 
added alcohol. On the other hand, control experiments with a hydrochloric 
acid solution having nearly the same pr as the sol show that alcohol has 
practically no effect on the px and specific conductivity of the former 
within the range of concentration (0 to 1°5%) of the alcohol used. The 
‘above discontinuous variations in the py, aud specific conductivity of the 
sol, especially the maximum and minimum, are interesting though it is at 
present difficult to visualise their real significance. They do not appear 
to have been previously observed. 

The px and conductivity of the sol-alcohol mixture change with 
time. ‘The conductivity tends to increase while the fx slowly decreases. 
A slow reaction between the sol and the alcohol is indicated. The curves 


* ‘The work has been carried ont under a scheme of research financed by the 
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shown below were obtained from measurements made 72 hours after 


the addition of alcohol to the sol. 





om 1% 


hee “ 7 


- The-decrease in the -conduc- 
tivity and H*-ion concentration 
of the sol at higher concentra- 
tions of the alcohol after an 


:2"initial increase shows that the 


alterations in the px and con- 
ductivity cannot be 1eferred to 
a simple dissolution of acids 
from the hydrogen clay by the’ 
alcohol, as in that case both the 


.H*-ion concentration and the 


conductivity would go on: 
increasing with increasing 
concentration of alcohol in the 


mixture instead of decreasing at the higher concentrations.- A hydrogen clay 
was repeatedly leached with 25% alcohol. -It was then washed freé -from: 
the alcohol and redispersed. in water... The px and specific conductivity’ 
of the redispersed sol showed similar. discontinuous variations as the original 
sol on the addition of small cannes {0 to 2%) of alcohol.- ° se 
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FREE ‘AND TITRATABLE ACIDS PER PARTICLE 
OF SUBFRACTIONS OF HYDROGEN CLAY.* 


By R. P. Mrrra ann S. P. Ray. 


Subfractions having particle sizes ranging between specified limits 
have been separated from the entire clay fraction of a black cotton soil by 
controlled centrifugalisation following Ayre’s technique as described by 
Whitt and Baver (J. Amer. Soc. Agron., 1937, 29, 917). Free and titratable 
acids of 0'25% suspensions of hydrogen clays prepared from them have 
been calculated respectively from the x.m.F. of the hydrogen electrode and 
the inflexion point of potentiometric titration curve with NaOH. If T 
is the free or titratable acid (in normality) per g. the corresponding quantity 
per particle is 4r* DT /3, where 27 is the equivalent spherical diameter and 
D, the density. Also, the number of free or titratable H* ions per particle 
is the product of the free or titratable acid per particle and Avaogadro’s 
number. The results are given in Table I. 


Tass I. 
Reference § Kquivalent Free acid Titratable Number of Number of 
number of spherical (normality) acid (in free Ht titratable 
hydrogen diameter in per particle normality) ions per H+ ions per 
clay, microns x 108, per parti- particle particle. 
cle x 107), 
Pade- 
gaon-B —y I'r 81 x x08 874 x 108 4°9 x 108 50x 108, 
» 72 ors 5°4 x 103 2°7x 103 3°2 x 104 16 x 108 
» 73 0°07 8°7 x 108 2°9 x 107 3°7 x 108 1°7 x 105 
w 4 0°03 8'6 x10 2°3 X10 572 x 10% 14x 104 
» 7S 0018 9°4 5'r 5°7 x10 3°0 x 103 


The number of free H* ions associated with the largest particles is cf 
the order of ro* and that of titratable H* ions of the order of 10°. Both’ 
decrease rapidly with diminishing particle size. However, each particle 
of the finest subfraction has as many as 310° titratable H* ions. ‘The 
titration curve of this as well as the other subfractions, however, reveals 


* The work has been carried ont under a scheme of reasearch financed by the 
Imperial Council of Agricultural Research, India, and directed by Prof. J. N. Mukherjee. 
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only a monobasic acid character. Other peculiarities of the titration curves 
have been discussed elsewhere (Mitra, Indian J. Agric. Sci., 1936, 6, 555 ; 
1940, 10, 317; Mitra, Bull. Indian Soc. Soil. Sci., 1942, No. 4, 413 
Mukherjee, Mitra and Mukherjee, Trans. Nat. Inst. Sci. India, 1937, 1, 
227). : 
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ON THE MODE OF REACTIVITY OF ORCINOL. . 
WITH MALIC ACID. 


By V.V. XK. Sastry. 


By condensing orcinol with ethyl acetoacetate Pechmann and Cohen 
(Ber., 1884, 17, 2188) obtained a substance to which they assigned the 
formula, 7-hydroxy-4:5-dimethylcoumarin, from analogy with the con- 
densation. of resorcinol with the same ester. ‘The constitution of this 
compound was later investigated by Dey (J. Chem. Soc., 1915, 107, 1614) 
who established it as 5-hydroxy-4:7-dimethylcoumarin from a detailed 
investigation of the corresponding coumarin-4-acetic acid. 

Pechmann and Welsh (Ber., 1884, 17, 1649) condensed orcinol with 
malic acid in the presence of concentrated sulphuric acid and described 
the product as 7-hydroxy-5-methylcoumarin. As a result of the above- 
mentioned work of Dey there has been a tendency to regard this 
compound also as a 5-hydroxycoumarin derivative (Sen and Chakravarti,’ 
J. Indian Chem. Soc., 1929, 6, 793). But the coumarin obtained 
by them exhibits marked fluorescence when dissolved in aqueous alkali 
or in concentrated sulphuric acid and in this respect behaves differently 
frorh 5-hydroxycoumarins. Ranganadhrao (M.Sc. thesis, Andhra Univer- 
sity, 1940) has, however, recorded the formation of some quantity of 
5-hydroxy-7-methylcoumarin besides the 7-hydroxy-5-methylcoumarin 
and the coumarino-a-pyrone, by using a higher molecular proportion of 
malic acid and heating at 100° (cf Sen and Chakravarti, loc. cit.). It 
appears, therefore, that orcinol behaves in two different ways in respect of - 
its nuclear reactivity with malic acid. The simultaneous reactivity of both 
the 8 and y positions of oreinol has been observed by Desai and Vakil 
(Proc. Indian Acad. Sci., 1940, 12A, 391) in the case of the internal Friedel 
and Crafts’ reaction. ‘The synthesis of 5-hydroxy-7-methylcoumarin start- 
ing from ethyl haematommate has been described by Sastry and Seshadri 
(ibid., 1940, 128A, 498) and this compound is very different from the 
isomer obtained by Pechmann and Welsh and its solutions are deep yellow 
in colour without fluorescence. Consequently their compound should be 
7-hydroxy-5-methylcoumarin whose synthesis starting from orcylic aldehyde 
has been described by Rao and Seshadri (ibid., 1941, 148A, 253). The 
author has studied these condensations in greater detail by employing. 
varying molecular proportions of malic ‘acid and heating at different 
temperatures. 

Orcinol and malic acid in equimolecular proportions, were condensed 
according to the method of Pechmann and Welsh (loc. cit.). After adding 
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sulphuric acid the mixture was heated over a wire gauze using a micro-burnet 
until the réaction was complete. 

The product was obtained as pale yellow flat needles and tablets, i.p. 
248°. It gave no colour with alcoholic ferric chloride. Its solution 
in aqueous alkali and concentrated sulphuric acid was colqurless exhibiting 
blue fluorescence. It was found to be identical with 7-hydroxy-5- anstayle 
coumarin (Rao and Seshadri, loc. cit.).° 

_ The above-experiment was repeated using a water-bath kept at 70- >-80° 
for-heating the mixture. After heating for’3 hours the product was worked 
up and found to be 7-hydroxy-5-methylcoumarin. Similar results were’ 
obtained on repeating the experiment with two imolecular proportions of 
malic acid. . 

«+, By condensing orcinol (r mol.) and malic acid (z°5 mol) on the water- 
bath (3 hours) in the presence of concentrated-sulphuric acid a yellow 
product was‘ obtained which left on boiling with an insufficient amount of' 
alcohol, a fairly good quantity of white residue. This residue (A) was 
exhausted with alcohol to remove the yellow substance ({B) associated with 
it and then recrystallised from pyridine or glacial acetic acid when colourless 
needles melting at 345° were obtained. This substance is sparingly 
soluble in ether, chloroform and benzene and moderately soluble in boiling 
alcohol and‘ acetone. ‘It is insoluble in ammonia, but dissolves in hot. 
caustic alkalis with a yellow colour and is identified as a coumarino- 
a-pyrone. 

.. ‘The yellow alcoholic solution obtained above was concentrated is a 
small volume when the substance (B) crystallised: out. On further: 
crystallisation pale yellow. flat needles and tablets of 7-hydroxy-5-methyl-: 
coumarin, melting at 248°, were obtained. The substance does not give a 
colotir reaction with alcoholic ferric chloride. It dissolves in aqueous alkali 
and concentrated sulphuric acid with blue fluorescence. ‘The same products 
were obtained even when 2 mols. of malic acid were employed. : 

These experiments were repeated by heating orcinol at 120° with 
different proportion: (z, 15, and 2 mols. ) of malic acid and the results were 
similar:to those obtained above excepting’ ‘that some resinification took place 
propebly ‘due to the high température employed. : ; 

. From these experiments it is, therefore, to be concluded that orcinol: 
alls with malic acid only in the 8-position and consequently no Srhydroxy-. 

7-methylcoumarin is produced. 


IMPERIAL AGRICULTURAL RESEARCH Ixstrrute, : 
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LIMITING EXCHANGE OF ALUMINIUM IONS FROM 
HYDROGEN CLAYS ON THE ADDITION OF 
* NEUTRAL SALTS*. 


ByJ.N. MUKHERJEE, B. CHATTERJEE AND P. C. GOSWAMI. 


Different opinions have been expressed regarding the amount of Al*** 
ions liberated on the addition of neutral salts to hydrogen clays (Mattson, 
Soil Sci., 1928, 28, 845; Paver and Marshall, J. Soc. Chem. Ind., 1934, 58, 
750). Estimations are recorded in this note of the amounts of Al displaced 

- from a hydrogen clay sol, Latekujan-F, after each successive leaching with 
normal solutions of BaCl, and CaCl, respectively till no Alin the leachate 
could be detected with 8-oxyquinoline (Berg, Z. anal. Chem., 1927, 14, 
369). Theresidue remaining after leaching with N-BaCl, in the above 
manner was convertedt into hydrogen clay, repeatedly leached with 
N-BaCl, as in the previous case and the amounts of Al were estimated in 
each leachate. The whole sequence of operations decribed above was 
repeated nine times. ‘The results are shown in Tables I and II. 


Tanne I. 


Hydrogen clay taken=100c.c. Colloid content= 25°2 g/litre. 


N -salt solution used for each leaching operation= 125 C.C., 


Barium chloride ° : Calcium chloride 
Leaching fae p*. rigs . ie at . Pe = scuitys ‘ 
tat 23°2 3°32 30°0 _ 20°8 3°22 23°2 
and 18 374 = ~3'5° 1°8 3°77 5'0 
3rd 04 3°98 oe 0°45 3°80 2°97 
4th o'r 4°10 on, . 0°18 4°0 08 
sth Nil - 4°54 o'26 ; Nil 4°02 0°6 


Total 23°4 Wee 35°5. 23°23 ase 32°3 


*The results have been taken from the annual report for 1941-42 “submitted to the 
Imperial Council of Agricultural Research, India on the working of the ‘‘ Scheme of 
. Research into the Properties of Colloid Soil Constituents’. 
}By treatment with N/s5o-HC1. 
t Results are expressed in m.e. per 100 & of colloid, 


. 
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Displaced Al and total acidity both decrease with the progress of leach- 
ing till the amount of Al falls below o’002 mg. per 10 c.c. but that of H* 
ions remains at about 2°8x10 °N with BaCl, and 9°6x107°N with CaCl,. 
The rapid rate at which the quantity of displaced Al*** falls with progres- 
sive leaching indicates that there is a limit to the displacement of Al™** by 
Ba** under these conditions. ‘The total amount of Al thus obtained does not, 
however, represent the maximum amount of exchangeable Al (‘Table IJ). 
Ba** ions displace more Al*** and H~ ions compared to Ca** ions. This 
is in agreement with the lyotrope series and the cation effect is regular 
(Mukherjee, Mitraand Mukherjee, Trans. Nat. Inst. Sci. India, 1937, 1, 
227; Chatterjee, J. Indian Chem. Soc., 1039, 16, 589). Comparing results 
of leaching with BaCl, with those with CaCl, somewhat greater amounts of 
Al are found with CaCl, in the third-to fifth leachates of the two salts and 
and the px ofthe corresponding leachates of CaCl, is slightly lower. It 
appears that more displaceable Al*** remains after the first leaching with 
CaCl, and hence more Al*** and H* come out in later leachings. 


Tasie Il 


No. of leaching of H* clay with 125 c.c. N-BaClg. 


oF cate M. equiv. of displaced Al in leachate (calc. per 100 g. colloid). Total Al dis- 
of H-clay placed (m e.) 
with* BaClg. per 100 g. 
ist. and. 3rd. : 4th. 5th. 
1st 23°20 1°80 0°40 o'10 Nil 25 50 
and 8°30 ; 0°25 0°20 Nil is 8°75 
3id 4°62 0°33 Nil Re fi i 4 65 
4th 4'60 0°04 is 2 ” ” 4 64 
5th 4°53 Nil ti ” , 4°53 
6th 3°20 » ” ” ” 3°20 
7th 3°90 ” 7 ” : » ” 3°90 
Sth 3°30 ” - ” ” ” 3 30 
gth 3°40 » ” wi 3 40 


* Recouversion of the resulting Ba-clay into H-clay followed by leaching. 
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The amount of Al displaced by BaCl, is considerably reduced after the 
first treatment but Al*** ions continue to be liberated tending to a constant 
value of about 3°4 m.e. for the first leachate. Mattson (loc. cit.) found that 
as often a soil was rendered unsaturated by treatment with dilute acid and 
then treated with * neutral salt solutions, Al and Fe are brought into 
solution. Paver and Marshall (loc. cit.), on the other hand, conclude from 
their experiments that there is a limit tothe quantity of Al which can be 
displaced on the addition of a neutral salt. Both Mattson as also Paver and 
Marshall stopped their leaching experiments before they could get the limit- 
ing value and consequently their results show a decrease in the sesquioxide 
content of the leachate with progressive leaching. 

The base exchange capacity* of the original hydrogen clay, Latekujan-F 
is 3r°0 m.e. while that of the hydrogen clay obtained after the ninth 
treatment has been found to be 31°6 m.e. The fact that the liberated Al 
ions amount to only 3°4 m.e. out of a total of 31'6 m.e. of cations exchanged 
indicates that H* ions form the major fraction of exchangeable ions present 
jn the hydrogen clay obtained after the cycle of operations. In the original 
hydrogen clay, however, Al*** ions constituted the main portion. 


Further work on this topic is in progress. 


Prysicar, CHEANSTRY AND 

CoLLorp Reszarce LABORATORIES, Received September 7, 1942. 
University CotLiGr or SCIENCE, 

CaLcurra, 


*As determined by Parker’s BaAcg—NH,C] method (J. Amer. Soc. Agron., 1929, 
21, 1030). : 


CONDENSATION OF DINITROCHLOROTOLUENES WITH 
p-NITROSODIMETHYLANILINEx 


By D. S. Mrrran. 


Sachs and Kempf (Ber., 1902, 88, 1224) prepared 2:4 dinitrobenzal- 
dehyde and 2:4: 6-trinitrobenzaldehyde by heating 2: 4-dinitrotoluene 
and 2:4:6-trinitrotoiuene with p-nitrosodimethylaniline in the presence 
of alcohol and sodium carbonate and hydrolysing the products obtained 
with 2N-nitric acid. 2 : 4-Dinitro-5-chlorobenzaldehyde, 3 : 5-dinitro-4-chloro- 
benzaldehyde and 3: 5-dinitro-2-chlorobenzaldehyde have now been 
prepared by heating the corresponding toluene hydrocarbons with p-nitroso- 
dimethylaniline in the presence of alcohol and sodium carbonate and 
hydrolysing the product so formed with 2N-nitric acid. 


2:4-Dinttro-5- cnieabaadewwaes was obtained as yellow seattigs from - 


alcoHol, m.p. 150-52°; phenylhydrazone, m.p. 217°; oxime, m.p, above 
a 


280°, 


3: 5-Dinitro-4-chlorobenzaldehyde was obtained as yellow crystals from ° 


alcohol, m.p. 79-80°; phenylhydrazone, m.p. 109°; benzylideneaniline, m.p. 
108° ; oxime, m.p. above 290°. 

3: 5-Dinitro-2-chlorobenzaldehyde was obtained as yellow crystals 
from alcohol, m.p. 78°; oxime, m.p. above 290°, benzylideneaniline, m.p. 
138°, ¢ 

‘The corresponding benzoic and cinnamic acids have been prepared 
from these aldehydes. They have also been reduced and the derivatives 
of these reduction products have been prepared. 

The author’s thanks are due to the Lucknow University for the facilities 
offered for research work and also to Dr. Sane for his kind help and 
guidance during the course of the work. 


CHeancal Laboratory, 
Lucknow UNIVERSITY. Recetved June 30, 1942. 
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ACTION OF HALOGEN’ ACIDS ON ALCOHOLS us 
- IN PRESENCE OF. BENZENE. o 


By S. P. Warvexar, N. L. PHALNIKAR AND B. V. Burns. 


The reaction of hydrogen chloride with ethyl, n-propyl, n-butyl and iscamyl alcohols 
has ben studied both in presence and absence <f benzene. The rate of reaction in 
absence of benzene follows the order: . 


ethyl > n-propyl > n-butyl > fso-aniyl 


The rate, however, increases when benzene is present and this increase is explained 
by solubility considerations 


Experiments on esterification of organic acids in isoamy! alcohol with 
hydrogen chloride asa catalyst showed that.if an inert solvent Hike benzene 
were added to the reaction mixture, the rate of esterificatiqn increased to many 
times its original value (Bhide and Watson, J. Chem. Soc., 1927, 2102). 
By choosing an organic acid like picric acid as a catalyst it was shown that 
the -velocity -diminished considerably in presence of benz ne- (Bhide, 
J: Indian Chem. Soc., 1930, 7, 575). On the basis of; these experiments 
it was suggested that in presence of benzene the change in the rate of 
reaction is closely connected with solubility of the catalyst inbenzene- and 
isoamyl.alcohol. Thus hydrogen chloride is sparingly ‘soluble in benzene 
but, very soluble in isoamyl alcohol. On addition of benzene the. hydrogen 
chloride associates with the alcohol, so that the concentration of . the 
catalyst with ‘respect to the alcohol increages as the concéntration of benzene 
imcreases, and hence the rate’ of esteiification increases. In the case of 
picric acid, the acid is more soluble in benzene than. in fsoamyl-alcohol so 
that’ the catalyst is associated with benzene and the concentration of the 
catalyst with respect fo the alcohol falls as more benzene is added and 
therefore. the velocity of esterification diminishes as the concentration of 
benzene increases. > 

As a continuation of-the above work the rate of’ reaction of hydrogen 
chloride with primary aliphatic alcohols is studied in presence of benzene. 


Fy 


re sae EXPERIMENTAL. 


-» All the alcohols were driéd and purified by known methods. Ethyl 
aléohol was dried over metallic calcium and the rest of the alcohols were 
dried by keeping them over anhydrous copper sulphate for several weeks, 
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Benzene was dried over sodium and distilled over phosphorus pentoxide. 
The densities and boiling points of the substances are given in the following 
table. 


‘ Taste I. 


' Atmospheric pressure= 710 mm, 


Nunuiices Density. , RP. 7 , 
Ethyl] alcohol 0 7803 ; 76'5-77° 
n-Propvl 0°7958 95° 5-96" 

n-Buty! , 08008 nets ; 
fsoAmy] 0 8033 131-132° 
Benzene - . 0°8674 78-78 5° 


» Hydrogen chloride was prepared by the action of concentrated sulphuric 
acid on pure,ammonium chloride and dried: over phosphorus,-pentoxide. 
Thé reaction was carried: out in pyrex bottles with tight-fitting stoppers at 
70? .in- an electrically controlled thermostat. The vapour pressure , of 
hydrogen: chloride in the solution’ studied is not very high and. therefore 
escapé'of hydrogen: chloride is not possible. Te ay TER hit 
a The :watér formed: in: the reactioh retards the process.’ ‘Following 
: Hinshelwood Ui-Chein. Soc.,'1935, 599), therefore;"initial rafes“of ‘reactitn 

were ‘calculated by’ drawing ‘Gingents to the curves of percentage tHatge 
and time.* ‘The- values’ of the initial ‘rate, 7;_ expressed as -perceitage change 
per. mintite at 70° for ethyl,- n-propyl, n-butyl and: ¥soamy! alcohols aré 
given below.« The’ concentration’ C of ‘hydrogen: chloride - “ist expressed - “as 
ineleiper ee of ‘solution. fe OT SMO Tt, 


. or woe of @ . ' 
; AB wee - , ws a a 


: TABLE I]: ° 


HOHSHCE. vot, &. x. BROW PACE beimatic. 


5 hot ttt ‘ : ee ae 


c 0 1979 07420 0'6099 0 690 1°013 Benzene (%) 20> 40 60 80 
rxio! 3667 5999 67°50 7o'o 77°50 C (actual) ©2002 02002 oO17II 0 2084 
ot. . 2 .C’ (effective) 0'2503 . 0°3337-., 0°4278 1'042 


PE fo “yxqord ~" 46°57" 58:22 | 66'94 89°19 
7, “s m . der ‘ , . 


-> 


_, ACTION OF HALOGEN ACIDS ON ALCOHOLS : 411 


aw te atte “ 2- 3 


a . - oo |, Tape IT, .. ak magi 
Tefta ee DT as te nee ele ° of ee tome ht. ee ara 
:  ‘”-PrOH + HCI: n-PrOH + HCI in benzene. 
Cc "02549" 05507 0°7754 «1285 Benzene (%) 20 40 60 80 


rxzo# 42°97 54°92, -62°r0 = 71°63. C (actual) = 071851 o'r969° 0°2014 0 1957 
SropncsT oe die 


MER Poe GS (effective)o°2314 0°3a81 0°5035 0°9785 
Se : rxzo4 45°17 55°60 9 65°19 77°61 
Bat 4 Tabig IV. 


n-BuOH+HCl n-BuOH + HCI in benzene. 
Cc 0'2966 0°4679 0°7252 0°8847 1'043 Benzene (%) 20 | 40 60 80 
rx tof 36°06 47°75 56°26 60°81 64°6x c (actual) 0°¢p63--0"2005 o'0a4 0°1991 
eo 7 ‘ “ae ; 3 a (effective)or2s88. - 0°3341 0°5060 0'9955 


rxxo7! 4202 «4966 sg’ar «66'BE - 


TABLE V, ie oye ge 


ve 


~ fig, . . - eT we of < 
iso-AmOH + HCl. a _isoAmOH + HCl in benzene, 
c 0°2182 0'4135 0°5007 0°6756.079616 Benzene(%)- . 20. ~ 40°- 60  &o 
re ito-4 15°46 ” 9a°t0 "93 53 26°50 2871 C (actual) 0°2176 02475 "0°2326 0°2263 
ihe ONS Oats ew - Bie “ONS r yous al w - whe boty Se her 


C’ (effective) 0°2720 0°414a5 0 5815 1 3132 


axrom4 17°67 26°51 32°27 37°42 


“~ "-DascusSSION. 


r 7 ~ 


The experimental results are.represented in Fig. 1. It will be observed 
that nature of the curve is the same as that obtained by Hinshelwood (loc. 
cit.) for the reaction of methyl alcohol] with hydrcgén chloride. The curves 
also show that the, rate of reaction of hydrogen chloride with the alcohols 
studied follows the following order : 


Ethyl > n-propyl > n-butyl > isoamyl. 


, _ This is quite according to expectations. The effect of introducing a 
‘ carbon” atoin in ethyl alcohol reduces the reactivity of the hydroxyl group, 


~ 
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and the reactivity goes on decreasing with the increase in the number of 
carbon atoms in the alcohol. This behaviour is also observed in many 


FIG, 1. * 


O ETHYL ALCOHOL 
D wPROPYL ALConOh. 
OQ wD ALComh 


OTe AMYL ALCAHOL 


Initial rate (r) (% /nin.). 





oO 0°2 0°6 Io 14°, 
Conc. of HC] (Moles/titie). 


other reactions whee thf reacting polar group is at the end of a carbon 
chain. For example the rate of esterification of aliphatic acids follows 
the order : 

Acetic acid > propionic acid > n-butyric acid. 


This reduction in reactivity usually diminishes with increasing carbon 
chain and when four carbon atoms are added the reactivity is not affected 
at all by further increase in the carbon chain. 

- The effect of adding benzene to the alcohols is seen from the curves 
given in Figs. 2and 3. ‘The obseived initial rates in presence of benzene 
increase with the increase in the concentration of benzene. ‘This increase 


FIG. 2. 


Initial rate (% /anin ). 


IT MYL aconn, 
f . te, 
0 003 4 O--T ETHYL ALce MOL RBENZENE 


EX mipetve aicenoe , 


1 
a~¥ ABUTS ALCemat KM RENTENE 
0'OOr : pen 





; o *| ofa o6 : Io a "4 
‘ Cone, of HCi (Moles/litre). 
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in the rates can be accounted for by assuming that as the benzene concen- 
tration increases and the solubility of hydrogen chloride in the alcohols is 
much greater than in benzene, the hydrogen chloride associates with the 
alcohol molecules. Thereby the concentration of hydrogen chloride with 
respect to alcohol emolecules is increased. This increased concentration 
(C', effective concentration) can be calculated from the following equation : 


actual conc. X 100 


Effective concentration = ——————____— 
roo— benzene% 


The rates of reaction expected from this effective concentration of hydrogen 
chloride are shown by dotted lines. It will be observed that these curves 
lie close to the curves showing the observed rates of alcohol and acid. 
The effect of addition of benzene is, therefore, to increase the effective 


Fic. 3. 
» 0°007 
= 
§ 
E 
Se 0°005 
&S 
a é 
3 cee EE 
we © 9°003 xr 
3 {i I n-PROPYL ALCOHOL 
= D-~In- PROPYL MORK. K BENZENE 
5 |. I Lows anconet 
Ae +) O"OOT oH TSOAMM, ALCONDL K BENZENE 





' 0 0'2 0'6 Lo x°4 
: Conc. of HC] (Moles/ltre). 
concentration of hydrogen chloride with respect to the alcohols and thus 
to acceierate the rate of the reaction. This is quite similar to the effect 
of benzene on the velocity of esterification of organic acids (cf. Bhide, 
and Watson, loc. cit.). 
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PHYSICAL CHEMISTRY“OP"RESIN SOLUTIONS. PART Vil. 
“h% MISCOSITY* STUDIES ‘IN’ MIXED’ SOLVENTS WITH?” 
ae /'SOME RESINS AND CELLULOSE DERIVATIVES." 


eae i ‘ iy A Sars * . 


, By Santi Ranjan Panir. 


1 


Viscosity studies in mixtures of two non-solvents having good solvent power or of one 
- solvent and another latent solvent have been made for the following , systems. over a wide 
range of temperature and concentration : : () ester gum in, xylene-alcohol, (it) -glyptal in 
n- “butyl * acetate-alcohol,’” (4/1) ethy] cellulose in cyclohexanol- cyclohexane, or - aleohol 1. 
toluene and (iv) cellulose nitrate (}” R.S.) in alcohol-dioxane.° ~ ~~ wat 
The viscosity curves are primarily’ of the same type as‘ previonsly observed for 
shellac in suitable mixtures The characteristic features of the curves have been sum- 
marised and generalised for different types of solutes. 


In continuation of the investigation on pistoity studies of shellac in mixed 
solvents (Palit, J. Indian’ Chem. Soc., 1940, 17, 663 5 1942, 19, 207) viscosity 
studies in a mixture of two non-solvents having good solvent power, or of 
one solvent and another latent solvent (also called-active solvent or-coupler) 
of lyophilic solutes other than shellac, have been made in the present com- 
munication to test how far the results obtained therein have general validity 
and significance. ‘Two other resins, viz., ester gum and glyptai, have been 
selected as subjects of -our study, since the former presents a complete 
contrast to_shellac as being insoluble in alcohols but soluble_in aromatic hydro- 
carbons, and since the latter is of a different type being an artificial resin, with 
peculiarities in solubility. Amongst the other typical lyophilic solutes, we have 
: chosen, to work with cellulose nitrate and ethyl cellulose i in suitable mixtures, 
of | on- “solvents. Attempt has also been made to study the protein, liad: D,. 
the prolam: ne of wheat’ (which ” Js solubie in, a mixtuic of alcohol and, 
water) but no satisfactory result has been obtained ‘on’ account of the diffi- 
culties arising out of its denaturation tendency. Recently, how ‘ever, 
studies in precipitation temperature of a similar protein, zein, in mixed 
solvents have yielded curves (cf- Swallen, Ind. Eng. ‘Chém., 1941, 88, 
304) similar to those we have obtained for shellac, but no viscosity data 
are available. eo, 

Soaps, which as lyophilic solutes form a class by themselves, have 
not been studied so far, due probably to the fact that there is not on record 
any such enhanced solvency in mixtures of solvents. The author (Current 
Sci., 1941, 10, 436; J. Indian Chem. Soc., 1942, 19, 271) has lately hit 
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upon some good mixed solvents for soaps and similar viscosity studies are 
contemplated. The present study. might be of possible industrial import- 
ance, since all these substances are employed in the manufacture ‘of Jacquers, 
varnishes, printing ink, etc.,. viscosity control of which is a matter of con- 
siderable importance. : fro 

7 ! ers ‘ vet 


oe - EXPERIMENTAL. 


‘The experimental arrangement, procedure, inethod of expressing con- 
centration, purification of solvents, etc., are the same as in the previous 
parts of this series of papers (J. Indian Chem. Soc., 1942, 19, 253, 266). 

. Preparation and Purification: of Materials.—Commercial ester 
gum of low acid value has been finely powdered (100 mesh) and treat- 
ed with about twice its weight of pure alcohol. The whole mass swells 
and becomes sticky by imbibation of alcohol. The sticky mass is occa- 
sionally kneaded and the whole left overnight. "Three or four such ex- 
tractions are made until the resin becomes free from colouring matter and 
acid (acid value, 1 to 2 against alcoholic potash with phenolpthalein as 
indicator). The resin is freed from solvent in a vacuum oven at 75° and 
after powdering to hundred mesh is stored in desiccators. 


A commercial glyptal of low molecular weight has been used. ~The 
resin is white and hygroscopic and i is: stored in the powdered state an desler 


‘ Ss 


cators. - - The: i ., 


Ethyl cei Mulose of low viscosity type foantdachired by. Hierciiles. Powder 
Co. of U.S.A. has been used. : ~ he cca 


ese -45- 


‘Cellulose titrate of. half- soca R. 5. type, manufactured by the -same 
firm has been used. Before use, the alcohol used for damping the stbs- 
tance, has been driven off by’ heating. to 105°: for three’ hours in an air 
oven. : a ot ey a 


Ester Gum in Xylene-Alcohol Mixtures. -- 

= a eae a Ma geet, GE 

' Ester guin is the glycerol ester of resin ; hence the pure gum is abietic 
triglyceride (mol. wt., 992). The behaviour of ester gum ‘is. in many 
respects different from the already studied’ case of shellac. Its’ solutions 
are less. viscous, a 50% solution having a Viscosity of only about one-tenth 
of a poise. : Furthet,»a solution,’ om cooling, does not from a-gel;ibut 
either separates a flaky precipitate or separates into two liquid layers. Also, 
due to’some steric effect in the complicated ‘malecule of the’resin, it ‘comes 
slowly into equilibrium with its solvent mixture, particularly at its higher’ 
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concentrations. Hence, by careful manipulation of the method of prepar- 
ing the solution, it is possible to study the viscosity and other properties 
of such sclutions as will normally separate into two liquid layers at the 
temperature of experiment, if allowed sufficient time. Such points as well 
as those, which show slight haziness during experiment as a result of separa- 
tion of the solvated resin, are indicated in the graph as dark circles. These 
points have been included in the graph, as it has been observed that the 
magnitude of the viscosity change on keeping is of a smaller order. 


Fic. 1. 







- 






ro 
Viscosity (c.p) —> 


(A) Viscosity curves in xylene-alcohol mixture. 


(B, Precipitation curve in xylene-alcohol mixture. 


Viscosities have been studied for 10, 30 and 50% concentrations of 
the resin at 15°, 20°, 25° and 30°. ‘The data are presented in Table I and 
viscosity curvesin Figs.1 and 2. ‘The general nature is similar to that 
observed for shellac in so far as the curves are steeper at higher 
concentration and lower temperature. Also the minimum viscosity 
occurs at lesser proportion of the hydroxylic solvent than what corresponds 
to the minimum in the precipitation curve (so-called optimum solvent 
composition), and further, like all other previous cases, the minimum vis 
cosity composition progressively approaches the optimum solvent composi- 
tion with increase in resin concentration, 
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eee ON eg Se > Tasre I, soe 
gee. ~ Viscosity oe at’ Viscosity (centipoise) at - 
Alcohol -: 15°: BOS op MB ee BO parm ged” EB? 20%. . 25%. * 30%, 
Ester gum conc. =10%. “atl Ta") Bester gumi conc.’=50%- 1, 
0,4, 100 * / 077 — 0°9842* 0'9972' 08517" :- 3lO5T "2721 2444 «= 9°203 
To :. go r°074 99891 0 "9143 08435, 2 “946 2°626 2°361-  -4°119, 
do: 80° ‘rsa * 1058 ‘o'9701 0°8543 «(a2 998S2°679 2388 = -2°144 
40: 60. _ 1320 "200°" r’0g5 §0'9903. 3°42 2085 " 2°631°—-2°548 
60: - 40 r'gtr-1'368—=Sra4q- 1'126— | 4'419«3°746 3°20 777 - 
Lae ‘ ; . . Ester gumcone.=50%. = + ase eke 
vt _, . Wiscosity (centipoise) at si 
; 15°, 20°. 25°07. ‘ o*g) > 4? 
0: 100, 18 49 ‘3507. t:*«*STR'SF 10°50 : 
' 10 390 16°20 ~ ~ 13°32 7 II 14 “9°43 
ro : 80 - I6'5x ~'-- - *13°50 ‘ xra6- - "  9°406 ’ 
40 : 60 20°55 _. 1692. 13°26 10°95 
60: 40 3613. "95 "a5 18°89 14°60 


“The ‘precipitation temperatures “have been graphically shown for 20%. 
eSter ‘gum’ solutions (Fig. 1), sitice for higher concentrations, though the 
Valles are ‘accurately determinable at any instant, they ‘slowly change “with 
time: ‘But they” all show unmistakable minima at the same region. Curve 
for 156% ester gum also shows minimum at this region but could not be 
completely determined ‘since the two solutions at this minimum ‘region 
have precipitation temperatures below our experimental range, (i.e., below 
— 62°, as produced by solid carbon dioxide and alcohol). f . 


Fic. 2. 






507: Ester gum 
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Viscosity (¢ 2) ————}- 


Viscosity curves in xvlene-alcohol mixture. 
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-These curves have one significant point of difference from those of 
shellac. Here, the viscosity minimum shifts, if at all, to a very small extent 
with change of temperature towards a lower concentration of the hydroxylic 
solvent but the data are not decisive on the point. 4 

It might be pointed out that the minimum in the precipitation curve 
(so-called optimum solvent composition) is richer in xylene than in alcohol, 
which according to the view-point previously developed by us, should be 
attributed to the greater solvent power of xylene than that of alcohol for the 
ester gum, since xylene can completely dissolve the ester gum while alcohol 
only swells it. Hence the fact referred toin the previous paragraph may 
be as follows : a lowering of temperature shifts the minimum towards a 
higher proportion of the more powerful solvent. ‘This generalisation, how- 
ever, requires to be tested by a study of further cases of mixed solvency. 


Glyptal in Mixed Solvents. 


Glyptal has beén found to be completely soluble in a mixture of ethyl 
alcohol and n-butyl acetate within the approximate composition range 
15:85 to65:35. From this solubility figure as well as from the fact that 
alkyds are generally insoluble in aliphatic alcohols but dissolve in some 
esters and in many benzenoid hydrocarbons, it appears that butyl acetate is 
amore powerful solvent for glyptal than ethyl alcohol. 

Fic. 3. 


Gk a 


\ XX 







Giyptal - 15% 






“° Percentage of Alechol in the Soe 


Viscosity studies have been made at 15 and 25% concentrations at}20°, 
25° and 30°. ‘The curves for 15% practically show no minimum, while at 
25% concentration, minima in the curves are definitely observed. ‘These 
aiNer show no unusual feature and the effect of temperature is not very 
marked: ” : 
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Tasty IT. j fhe este et gcd 

i Viscosity (centipoise) at : H 
Alcohol: n-butyl 20°. 25°, 30°. . a0". 25°. 30°, 

acetate. 
¢Glyptal conc. =15%. Glyptat conc.=25%. 

20 : 80 Insol. Insol, — sl. pptn. 3°82 3°406 
30: 70 1813 "644 1'497 “ 4°235 3°74 3 293 
40 : 60° 1°859 1°679 1°524 4°205 3693 - 3.273 
50: 50 1976 1773 1°597 4°293 3°766 2 309 
60 : 40 Insol. Insol. Insol. 4 505 3'937 3°442 


Ethyl Cellulose in Mixed Solvents. 


Ethyl cellulose is insoluble in hydrocarbons as well as in alcohols but 
dissolves in their mixtures (Earnst et al., Ind. Eng. Chem., 1940, 82, 1539). 
Of the solvents used here, cyclohexane seems to have least solvent power for 
the substance since it swells it to opaque cotton-like flakes, while others very 
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PERCENT CYCLOHEXAHOL, 
Viscosity curves for ethyl cellulose. 
Fig. 4A—1% Rthy] cellulose in cyclohexanol-cyclohexane. 
slowly produce translucent gels, alcohol being-the most powerful in this 
respect producing practically transparent soft gel. Viscosity studies have 
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been made with 1, 3 and 5% concémtratiohs of ethyl cellulose in cyclo- 
hexanol- cyclohexane, mixtures at 15°,,20°, 25°.and 30° and only 5% ethyi 
cellulose in, alcotiol-t oluene. “The Zesults are given in the following, ts table 
and are grapliicaily eebpeomnited in Figs. 4 and 5 
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Viscosity (centipaisey 
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Viscosity curves fer ethyl cellulsse. 
om z 5A—5% Ethyl cellulose i in cyclohexanol-cyclohexane. 
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alcohol-toluene. 
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S : Viscosity (centipoise) at 
cycloHexanol: 15°. . 20°. 25°. | 30°. 5°. 20°, 325". 
cyclohexane. ~ = Os 


_ Ethyl cellulose conc.=1%. 
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--c Taste IIL (contd.). Sit 


a 


a20ui mt Gs eWisscosity (centipoise),at .*¢1y 
cytloHexanol .z5°. , sh 25°.° "30°. . Alcohol : ‘Liz?! 216 go®, ‘Ita oe ing 130°. 
cyepheranes it ti. ot iy toluene. 4th rg th one cf Vb uie 
Ethyl cellulose conc.=5%. Ethyl cellulose oe 


4 


10 : 90 238'9 °175°8 117'4 ‘82°49 Io 2 go 27°58 23°31 I9'90 17702 
15:85 1812 121'7 8614" '63'45 20:80 2672 22°68 1926 1632 
- 20 '-80--—219'1- x50°8 1081 80°28 = 30: 70 26°25 22.21 18°85 16°03 


30 * 70 260°5 177'2 1299 695 88 40 : 60 27°43. 2308 19°54 16°58 
| 
40 : 60 349° I. 24I°§ 172°3 125°80 60: 40 30°76 2575 2166 = 18'27 


60 : 40 159°7 ' 130°6 89'S «405 


The general Ilapoearance of the curves is'as usual, 5% and 3% curves 
showing definite ininima at about 16-18% cyclohexanol, whereas curves for 
1% concentration of ethyl-cellulose do.not exhibit any perceptible minima. 
The effect of. conéentration of the solute is to displace the minimum towards 
a higher concentration of, thé hydroxylic solvent. This is evident by com- 
paring the “curves at 3% and’ 5% contents of ethyl cellulose at the same 
temperature... Since alcohol i is a more powerful solvent for ethyl cellulose 
than hydrocarbons} cyclohexanol, which isa hydroxlic solvent, is presumably 
so. This shift of minimum therefore only shows that an increase in con- 
centration of the solute displaces it to an increased proportion of the more 
powerful solvent. Though the optimum solvent composition in this system 
could not be determined due to experimental difficulties, to be referred to 
later, it can-:be reasonably assuined. from considerations of solvent power of 
the individual solvents, that it is certainly somewhere containing greater 
proportion of cyclohexanol. , Hence the effect of concentration becomes the 
same as in the previous cases, #.é., a shifting of the minimum towards the 
so-called optimum solvent composition. 


The effect of decrease in temperature, as may be ‘noted from the curves, 
is to displace the minimum towards a greater proportion of the more power- 
ful solvent. “This trend is also clearly observable from the curves for 5% 
ethyl cellulose in alcohol-toluene mixture (Fig. 58), a system which is much 
less viscous than the previous one. 

The study of precipitation or gelation temperature of this system and 
other systems to be described later, could not be made as the temperatures 
are often inconveniently low and have as degree of reproducibility 
than that of shellac. Co 
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7 
Cellulose Nitrate in Alcohol-Dioxane. 


This is virtually the same as studying the classical case of nitrocellulose 
in alcohol-ether (Gibson and McCall, J. Soc. Chem. Ind., 1923, 89, 1727) 
with the advantage that the cyclic ether 1-4 dioxane is much less volatile 
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{b.p. r01°5°) than ordinary ether. Cellulose nitrate is soluble in this 
mixture containing from about 50 to 95% dioxane. From this figure on 
solubility, as well as from the fact that the cellulose nitrate used is of the 
ester-soluble type, it is easily intelligible that dioxane is a better solvent than 
alcohol. The above argument concerning solubility and solvent power 
needs elaboration. Of the two non-solvents, A and B, if A requires less B 
to dissolve a certain quantity of the lyophilic solute than the proportion of A, 
which is required by B to produce the same solubility, we shall term A, the 
more powerful solvent. That this is in agreement with facts is borne out 
by the various solubility diagrams of resins obtained previously by the 
author. Now, to make dioxane a solvent for nitrocellulose we have to add 
5% alcohol to it, whereas to make alcohol a solvent we have to add about 
50 dioxane; hence, dioxane is by far a more powerful solvent of the two. 


Viscosity studies have been made for 5, ro and 15% concentrations of 
cellulose nitrate at 15°, 20°, 25° and 30° (Fig. 6). 


Tasie IV. 
Viscosity (centipoise) at 
Alcohol : dioxane. 15°. 20°, 25°. 30°. 


Nitrocellulose conc.=5%. 


10° 90 23°37 20°29 17°61 ‘ 15 33 
20: 80 Ig"OI 16°50 14°45> 12 69 
30:70 16°48 14°35 12°54 1104 
40: 60 15°52 13°54 11°87 10°39 


Viscosity (centipoise) at 


Alcohol: 15°. 20°. 25°. 30°. 15°. 20°. 25°. 30°. 
dioxane. 
Nitrocellulose conc. =10%. Nitrocellulose conc =15%. 


10 : go 168°8 139°3 TI6'L 97°12 L195 9311 775°7 613°5 


20 : 80 141’3 118°8 100°2 84°55 820°8 671°9 549°6 450°7 
30 : 70 Tarr Io2"I 85°90 = 72°78 595°3 485°6 3934 322 5 
35 > 65 14'2 95°76 8072 68°13 5489 443° 3616 2963 


375: 625 1160 97.45 8194 «68 84 
4o : 60 136'0 112°6 93°56 77°69 803°5 6439 515§‘2 418°6 


44 S. R. PALIT. © 


The effect of increasing concentration is thesame as in the previous cases. 
For example, there is no viscosity mmimum observable at 5% concentrations, 
whereas minima occur at ro and 15% nitrocellulose. The minima.are at 
one end close to the solubility limit and more slowiy drifts with increasing 
concentration towards the centre, 1.c., a higher concentration of dioxane, 
presumably towards the optimum aiveat composition as shown in’ the 
previous cases. : 

' The effect’ of temperature is found to be-the same as in the previous 
eases,-a decrease of temperature tending to.displace the minimum towards'a 
higher proportion of the more. powerful solvent. This effect.is more pro- 
nounced with the curves for 15% than for 10% concentration. . i. 


rt, 


CONCLUSIONS. 


Both in the present as wellas in the previous papers the following 
general trends, which we have been able to recognise in such viscosity 
curves have beeu pointed out : 

The viscosity curves exhibit minimum above a certain concentration of 
the lyophilic solute, the sharpness of the minimum increasing with increase 
of concentration and decrease of temperature. ° 

The shape of the viscosity curves as well as its dependence on concen- 
tration and temperature have already been discussed with reference to the 
gelation capacity of the system in a previous secticn of this part. 

With increasing concentration, the minimum gets shifted towards, aud 
tends to approach the optimum solvent composition. 

The latter may, of course, for all practical purposes, be taken as that 
solvent composition at Which the gelation tendency is the least, but it may be 
formally defined as that composition of the solvent mixture which will 
produce gelation with the highest concentration of the solute at any given 
temperature. . Iti is barne out by observations. that the relative proportion of 
the two solvents in the optimum composition PEDERSettts their relative solvent 
power. 

With decreasing. temperature, the minimum’ moves: slowly towards a 
higher proportion of the more powerful solvent or more > probably towards the 
optitnum solvént composition. 

, ‘Acknowledgments are gratefully made to Dr. H. K. Sen, Director, 
Indian Lac; -Research Institute, Namkum, Ranchi, for his kind interest and | 
helpful suggestion throughout the course of the work. 
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"ON THE CONSTITUTION OF NATURAL: COUMARINS 
OF TODDALIA ACULEATA. 


By PHANIBHUSHAN Dorta. 


From the stem-bark of Toddalta aculeata (1) acnleatin (CygHjg0,5, m. p. 133°), (ti) 
acnleatin hydrate (CjgH 70g, mp 150°), isomeric with toddalolactone, isolated by Dey 
aud Pillay, and (tii! a colourless substance, m p 239°, which has not been investigated, 
have been obtained The reactions of aculeatin hydrate and toddalolactone are almest 
similar and they give rise to sane oxidation products, 


« Toddalia Aculeaia, Pers., (N.O. Rutaceae, Suib-family T oddaloideae) 
is a “scandent shrub known to the Sanskrit writers as Kanchana (Golden) 
on account’ “of the orange colour oftts fruits and also called Dahana because 
of the pungency of its berries The plant is distributed in the sub-tropical 
Himalayas from Kumgon east ards to Bhutan at an elevation of 5,000 ft. 
and also in, ‘Western and Southern India and Ceylon. 

The root known as Lopez root (Toddalia sadix) has been used in the 
Indian Pharmacopoeia as a remedy of great value in coustituticnal debility 
and in convalescence after febrile and other exhaustive diseases, The 
fresh bark 1s administered by Tamil Physicians for the cure of a sort of 
remittent commonly known as “‘ hill-fever.”’ . 

Regarding the chemical constituents of Lopez root, Dymock, Warden 
and Hooper (Pharmacogiaphia Indica, Vol I, 261) mention the presence 
of.a resin, essential oil (smell like oil of citron) and a bitter principle. . 

According to Hooper (Schimmel’ s Berichte, 1893, p. 64), the essential 
oil consists of citronellal, linalool, and a camphor-like substance, m p. 
96'5-97°. The ‘bark has been tound to, contain resinous matter, bitter 
principle, tannin, citric acid, sugar, pectin, starch cte, and yields an 
ash rich in manganese (Schnitzer, Vierteljahiessehr Praki. Pharm., 1862, 
11, 1). An alkali- solubie glucoside believed to be hespiridin, has also 
been isolated (Beith. Bot. C., 1902, 12, 55), but has late: been proved to be 
diosmin (Osterle and Wander, Helv. Chim. Acta, 1927, 8, 519). Fluckiger 
and Hanbury (Pharmacogiaphia Indica, Vol. I, p. 262) could not detect 
berberine in the :plant, but Perkin and Hummel (J. Chem Soc., 1895, 
413) 1solated a -yellow crystalline hydrochloride of an alkaloid from Lopez 
root, which they considered to be identical with berberin hydrochloride. 
Dey and Pillay (Arch. Pharm., 1933, 271, 477) have isolated two 
different alkaloids from the same source and have named them toddalin 
and toddalinin. ‘ : <8 

3-—1427P—10 
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Dey and Pillay (Arch. Pharm., 1933, 271, 477 ; 1935, 278, 223) further 
isolated from the root bark a crystalline neutral compound toddalolactone, 
which has. been further investigated by Spiath, on and Tyray,» (Ber. + 1938, 
74, 1825) and shown to have the structure (1). 


Me Ole 


we CO CHOH—CH,— 
Oo CO" ae 


Ye 


MeO 


{) 


The present work describes the constituents ofthe stem- bark, which 
is" also’ used in medicine though to a limited extent.’ The bark was secured 
from'the Darjeeling District (Bengal). Three different: neutral” compounds 
eve, been’ isolated fron’ the stemi-bark (vide Experimental) : ee 

- 3) A colotirless compound, m.p. ‘239°, “neutral to litmus, insoluble 
in: dilute aquedus alkali and ‘indifferent’ towards aléoholic fétric® ‘chlotide. 
A detailed investigation is not’ DesIbe ou account, of ‘its very om ‘yield 
(o'er). 7 se 

“1 (2)° The second ‘compound, (0'06%) fering: “colourless: lates: ni p: 
Fis", has been-named aculeatin-?  ~’ : de ete kag Ae: 
*+.(3)° A“stibstance, mp. "150°. It- has” been fiamed aculéatic hydrate; 
since it ig also obtained from aculeatin’ iby proloiged treatment Withdiluteé 
sulphuric acid at'y663.'+ °-  -- Hy ob we pea 
‘... The. C—Hvalues and the molecular weight ' show that! aculedtin Has 
the formula C,.H};Os. Méthoxyl- estimation ‘by ‘Zéisel:Pregl-Viebock 
technique proves ‘the presetice: of two .methoxyl groups’ in’the molecule. 
Aculeatin” is optically active, [a]3* beihg “~16'8° in- éthyl acetate: It 
has Jactonic properties: since although aculeatin is insoluble in aqueous 
alkalis it‘ readily dissolves in alcoholic alkali add acids ee the ‘ 
original componaa: Hence the formula of aculedtin can be written as: 
: es, af = . 

Cee | CuFt ,010Me —CcoO-O - So aS 

sony Sop . \ a - | Sips DEAT | ie eae 

. ‘ 4 yoke save ty 
1A characteristic property of Souniariiee vis their, capacity. to undergo 
hydrolysis to+.a-trans;acid when_heated with alkali in presence ee trace_of 
mercuric, oxide (Sen-and Chakravarti,.].. Indian Cheni Soc., 11930; 7, '247). 
Aculeatin is found to undergu hydrolysis forming a stable acid, C,\.H43:01, 
m.p.,,772°,, under the usual experimental-conditions. .The'formula. df, 
aculeatin may consequently be furthur expanded to (II) or (II); 
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24 Ofte); = | - (OMe), i (YN 
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(11) oss 7 - ee 


: The oxygen atom in the residue, C;H,O ~is not ketonic or aldehydic 
in“ character ‘Since ‘aculeatin’ fails'' ‘to condense: witli the usiial reagerits For 
ketones ind ‘aldehydes “The group C;H.0—has been found:'td -oceur in’ 
sdine natural cotiinarils ° in the’ fornr'of- diydro isoprene oxidé;‘as wif Be! 
evident’ from § ar Pitispection-of the fornrula of Oxypeucedaiiin- ‘av, _atirapten 


wv) and bya angelicol (V2). gO Re A ne Son 
Valve 3% aki eas co 7 ‘dee yay 
ees -O;CH, CHC ‘Me; < eg tthe acti” Soop Vy agne ! 
POX 
v oO aa e) 
[ | : 
Pie Pas be, he UU 
O O 
(IV) CH,—CH—CMe, Peed. 
NS \7 
ee a O 
i OS ; = (Vv) ae 


It may be futher iicnttetied “that the the shoe “atom in the glycide ring 
is asymmetric, and consequently all these compounds show optical activity. 
Another possibility is the formulation of aculeatin as (VII) or (VIII), 
where also asymmetric carbon atoms are present. The eee: ring syeten of 


e 7 ms 
’ ‘ ey wy 


OMe “Meo : Gove 2.0 
MexCH—CHN ACA 09 : ow \ 700 
"O° OMe O a 
G oo 
eo, gf r 
% s ad ~ 
(VED) (linear) , ; (VILD (angular) ~ 


\ * 2 "2 8 
(VII) is present in nodakenin, but the angular type has not been discovered 
in natural products, although the possibility is not excluded. > 
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The presence of the glycide ring present in (IV), (V) or (VI) has been 
demonstrated by the hydrolysis of the compounds to the corresponding 
dihydroxy compounds! [Me,C(OH) —CB(OH)—CH:—| ¢ or conversion into 
the open chain system, ‘ 

Rope H—CH.— 

ae ; OH i“ ; 

: : u 

by means of hydrochloric acid gas. Compounds of the type: (VII) and 

(VI) are not: known to -undergo sush ring-fission. Acileatin;, however, 

has been foumd to remain unaffected by treatment with 1°5% oxalic acidi.at 

100° for 4 hours, but prolonged treatmert with very dilute-sulphuric.acid 

at 100° effects a smooth hydrolysis to a colourless compound; CyyHaO«, 

aculeation hydrate, m p. 150°, which is identical with the third substance. 
Hence aculeatin may be represented by (IX) and its hydrate by (X). 


(OMe),: wy 


Me,C-CH-CH,— J ko ! 
32 2 . S \/4 
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(IX) 
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Aculeatin hydrate and toddalojactone are isomeric compounds having 
the following properties. 


TaBLe I. ‘ 
‘Toddalolac tone Aculeatin bydiate 
(Dey and Pillav) (Present author) 
M.p. IZI—-132'5° 150° 
[a]o% +55° +51° 
(M.p rAcid phthalate 18x° 204° 
» _ trans-Acid Ses 178° - eo rz7o-71" 


»  Diacetyl 7 - Wtrerr* °- : "197 
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en Aculeatin hydrate forms a diacetyl derivative showing the presence of 

two alcoholic OH groups. The fact that only one molecule of phthalic 
anhydride combines with one of aculeatin hydrate suggests that one of the 
two OH groups is tertiary in character. 


Aculeatin hydrate is found to undergo degradation by meaus of, chromic 
acid giving. rise to acetone (identified as dibenza! acetone) .indicating 
the presence of Me;C< group in the side chain. It will not be unreasonabie: 
to attach.one OH group to the central C atom of the -isopropyl group ‘to’ 


so4 


make it tertiary, ia « to sepia the isda of the mono ‘acids 
O#8, 


phthalate, and of acetone by degradative oxidation. , me 


The position of the second OH group with respect to the tertiary On. 
group will depend on the nature of the oxide-ring in aculéatin, which may 
be formulated as a 1: 2-oxide or 1: 3-oxide as shown below: 


. * CHa + 
MeCo—Co—OH MesC€ cH 
WZ 
0 O 
1:2-Oxide I: 3-Oxide. 


The former, however, would be expected to furnish a glycol Me,C(OH)- 
CHOH-CH,- and the latter a glycol] Me,C(OH)-CH,-CH(OH) on hydrolysis. 
Aculeatin hydrate furnishes on oxidation by Criegee’’s reagent (Criegee, 
Ber , 1931, 64, 260) a compound, m.p. 142°-142°5°, which analyses for 
C,3H,.0;, and produces p-nitrophenyl hydrazone, m.p. 213°, and reduces 
ammoniacal silver nitrate, thus showing that aculeatin possesses . 
the 1:2-oxide stiucture. The reactions of aculeatin hydrate and 
toddalolactone (Spith, Dey and Tyray, loc. cil) are almost similar, and they 
give rise to same oxidation products, e.g., the aldehyde (m.p. 14175°- 
142'5°, p-nitrophenylhydrazone, m. p. 213°); and the ketone (m.p. 
119°, semicarbazone, m. p 206-9°, p-nitrophenylhydrazone, m.p. 209°), 
under the influence of fused zinc chloride or 2% hydrochloric acid at 


° 


140°. 


A specimen ot toddglolactone was obtained from Dr. B. B. Dey, to 
whom my best thanks are due, and the aldehyde and ketone obtained from 
it had identical m.p. (m.p. of the derivatives is also the same). The mixed 
melting points were also the same. The chemical evidence is definitely in 
favour of the identity of aculeatin hydrate and toddalolactone. 
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= Te. ha beet | possible fo isolate a compound, “nr. 'p. “r50?;  fronrthe sdinple 
of taunts kindly’ stipplied by Dr B. B. ‘Dey. The melting” ‘point ‘of? 
this rémaihdd’ undepresked When mixéd with’ aculeatin™ hydraté -(m ip 150°%. 
This suggests that either toddalolactori#” ‘contains ‘aculéatin * hydrate : as ‘afl 
impurity ,‘or:there is’a possibility. of anew'type of isomeristt which:admits of 
a-transformation from Dey’s type to-aculeatin hydrate.by<a@ simple.procets efz 
rectystallisation from éthyl. acetaté and-adding' petroleiimi'etheri(b. “pirzo-4o0%): 
‘as diluent, ‘the’: “prodess Heing..repeated ..several times..y If. may: Herezbe : 
remarked that’ repeated recrystallisations of actieatin hydrate do, . Hot. al alter 


its m.p. (x80). 7" Bat oh ae 
Whatever may be the causes of the . diderence Between toddalolactene. 
and aculeatin hydrate, there cannot ‘be any doubt as to the correct, structure’ 


ofa aculeatin, which must be represented by (XI). * eh Geel 


res see 
aye he Z bh eh aT as vin a> a a 
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Me,C—CH--CH,— . eS Pree 
O . - 
, MWCO +26 Le! 
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(XI) 


-ExPERIMENTAL. 


Isolation of Aculeatin and, Aculeatin hydrate... 


pen eek 


# inély powdered dry stembark” of the plant Toadalia Aculeata (Pers. e 
(r Kg. i was extracted with ether for 16° hours in a Soxblet’ “apparatus” and’ 
thiee netitral compounds were isolated frouir thé ethereal extract, ‘ 

(x) The fritered extract “was concentrated ‘to’ “about 60 ~ “ez; ty 
arid ether (40, c.cy 2) added as dilutent and ‘this was kept in, a frigidaire.” 
Crystals began to’ appear after 3 day: After” 13 days the ery stals wele 
collectisd 4 at “the pump, and ‘ w ashed’ with a little” ‘ether. ‘These crystals Ww ere” 
then boited: with ethyl, ‘acetate, when a sinall portivn reinained insoluble~ 
Thé ethyl ‘acetate insoluble portion was 1emoved by filtration, and on crys- 
tallising twice “from a mixture of chloroforin and absolute , alcohol, fhe 
m. p. was found to be 233°-234°. Further crystallisations raised the ni, D. 
to 238°- 239°. It formed small colourless rectangular plates. 

‘Its: not soluble in ether, ‘petroleum ether;- éthiyl acetate, acetotie, -It is 
soluble in chloroform and sparingly in absolute alcdhil,’ yield’ “O 201% 3 It is 
insoluble’: in dilute’ alkali” and gives no- --colouratién with-ferri¢ chloride: 
[Found: G,*70'25?-H; 5 "933 ‘OMe; 22°7. Cale for CoH cOut ey" 70° ‘58; At, 5 "88," 
OMe, 228 per cenit” baséd on €,,.Hi.02 (OMe),]:” a 
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.(2) The ethyl acetate solution was concentrated to a small volume, and 
cooled,. the crystals - ‘which separated were collected and purified by recrys- 
tallisation once from ‘benzene, and twice from ethyl acetate when : ithe m. p. 
became constant at 113° (corrected), yield of aculeatin was 006%. Aculeatin 
forms colourless pfates, [a]3'= —16°8°. It is ‘highly soluble in benzene, 
ethyl acetate, chloroform, alcohol, moderately soluble in ether, acetone and 
practically insoluble in petroleum ether. It dissolves in concentrated sul- 
phuric acid with orange colour. It is neutral to litmus and gives no coloura- 
tion with ferric chloride and is also insoluble in 1% sodium hydroxide solution. 
(Found: C, 66°28; H, 6°18; OMe, 20°95; M.W (cryoscopic in benzene), 794; 
C,,H,.,0; requires C, 66°20; H, 6°20; OMe, 21°30 per cent. M.W. 290]. 

“ (3) The oil left after the separation of the crops of crystals was sub- 
jected to steam distillation. A small amount of essential oil distilled over. 
‘The steaming was continued for 6 hours and the apparatus was allowed 
to ‘stand over night. Next morning the yellow aqueous supernatant 
liquid was decanted out from the distilling flask and evaporated to dtyness 
on awater-bath, when the residue-became oily and highly viscous. This 
was cooled, scratched;- adding a little ether from time ‘to time. By"this 
operation: the viscous mass solidified gradually, but no crystals could * be 
observed under microscope. This solidified mass was now introduced into 
a 100-c.c. conical flask, a little’ methyl alcohol-added and allowed to stand 
over night. Next imorning the solid was filtered at the pump and freed 
from.adhering'oil. The product was crystallised from chloroform, benzene. 

ethyl acetate and ultimately - subjected to high vacuum distillation (170°- 
180°/o'r mm.) and the distilled product was again crystallised from benzene 
and ethyl acetate oe Aculeatin hydrate, thus obtained, had m.p. 
150° (corrected). 

The oily residue left at the. bottom of the steam- ndistillation flask was 
dissolved in a solvent (ether and a little methyi alcohol). This solution 
was allowed to stand for 3 days when a crop of crystal separated out. These 
crystals were also subjected to the same process of purification. It had m.p. 
x50° and’ was identical with aculeatin hydrate. ‘The mother liquors from 
these two crops of crystals were allowed to stand in the cold, when another 
crop of crystals separated out ; purified in the manner described above, , it 
had. the same m.p. of 150°. Mixed melting point was also exactly the 
same. "The “total yield of aculeatin hydrate (m.p. 150°) is 4°28 Q. som 
I kge of the stem bark ; or 0°428%. fi 


" Actileatin hydrate, thus purified (m.p. 150°), formed ill-defined | prisms, 
[a Jn**= + 50°79° in chloroform solution. It is highly soluble i in chloroform, 
and moderately i in benzene and ethyl acetate, and practically ‘insoluble in 
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petroleumn ether. It dissolves in concentrated sulphuric acid with an 
‘orange colour, and gives no colouration with ferric chloride, It dissolves 
in 5% alkali and is precipitated unchanged by hydrochloric acid. (Found: 
C, 02°23; H, 641; OMe, 20°49. CisH20O. requires C, 62°33; H, 6°49; 
OMe, 20°13 per cent). 

Hydrolysis of Aculeatin : Formation of Aculeatin Hydrate.—In inethyl 
‘alcoholic solution, aculeatin was hydrolysable in presence of 2N-sulphuric 
acid or alkaliat the room temperature, but the hydrolysis was far from 
being complete The following method was found suitable for the 
hydrolysis 

Asolution of aculeatin (or g.) in minimum quantity of rectified 
spirit was diluted witli water (to c.c.) and refluxed on a wire gauge for 
84 hows with two drops of sulphuric acid (2N). The clear solution was 
evaporated on water-bath until oily drops separated out. This was now 
cooled, and extracted with chloroform (tw ice) and also with ether (twice). 
These chloroform and ethereal extracts were washed with a little wate 
separately. Finally the ethereal and the chloroform extracts were mixed 
together, dried over anhydrous sodium sulphate, filtered and evaporated 
nearly to dryness. The solid product, thus obtained, was twice crystallised 
from ethyl acetate, m. p. 149°5° (mixed m.p. with aculeatin hydrate 
remained undepressed), yield o’o52 g. , 

Diacetyl aculeatin hydrate was obtained from aculeatin hydrate as 
usual using acetic anhydride and sodium acetate. It crystallised from. 
benzene and petroleum ether mixture, m.p. 127°. [Found: OMe, 16°28. 
(OMe) ,C14H120,(OAc)s requires OMe, 15°82 per cent]. 

On deacetylation with alcoholic sodium ‘hydroxide, it regenerated 
aculeatin hydrate, m.p. 149'5°. ‘ 

Preparation of the Ketone CyeH,,0; from Aculeatin and sAculeatin 
Hydraie —Aculeatin (0°: g.) was heated with fused zinc chloride (1 g.)- 
in a metal-bath at 140-45° for 1 hour. The mixture was poured into 
water containing a few drops of dilute hydrochloric acid and the whole 
was extracted with ether. Crystals were collected after concentrating ‘the 
ethereal solution and purified by high vacuum distillation, m p. 119°5°. 


Aculeatin bydrate (o'3 g.) was heated with aqueous hydrochloric acid 
(2%,5¢c¢) ina sealed tube at 140° for 4 hours. The product of reaction 
was extracted with ether and the ethereal extract washed with water, : dried 
ove: anhydrous sodium suiphate.and concentrated. The “crystals ’ were 
recrystallised from a mixture of ether and petroleum ether’ and were 
distilled at 160-70°/o'r mm., and finally recrystallised twice fiom ether, 
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M.p. 119-20° (corrected), yield o'11 g. (Found: C, 66°15; H, 6°28. Calc. 
for C,.H,,0;: C, 66°21; H, 6°21 per cent). 

The ketone, prepared from a specimen of toddalolactone, melted at 
«ILg-120° (mixed m.p. of the two remained undepressed). 

The semicarbazone of the ketone melted at 209° after recrystallisation 
from rectified spirit. (Found: N, 11°85. Cale. for C,,Ha.0;N3:° N, 
2x per cent). The semicarbazone of the ketone obtained from Dey’s 
toddalolactone also melted at 207-8° (mixed m.p -almost the same). 

_ The p-Nitrophenylhydrazone of the ketone was crystallised from 
. rectified spirit, m.p. 209°. (Found: N, 9'97. CogH 2300s requires N, 9°88 
per cent). The p-nitrophenylhydrazone of the ketone obtained - from 
Dey’s toddalolactone had m.p. 210°, mixed m.p same. 

trans-Coumaric acid derivative of Aculeatin . Hydrate.—Aculeatin 
hydrate (o'r g.) was heated with sodium hydroxide solution (x0 ¢.c., 0'2 N) 
with a trace of mercuric oxide for 2 hours under reflux. The solution was 
filtered .to remove mercuric oxide, and the filtrate was concentrated on a 
water-bath, cooled and acidified with dilute hydrochloric acid. The 
precipitate was collected, washed with wate: and was crystallised from 
dilute methy] alcohol, m.p. 170-171° (decomp.) [Found: C,. 58°50; 
H, 68. CisHeaQr requires C, 58°8 ; H, 6°75 per cent]. 

The agid phthalate of aculeatin hydrate was prepared as usual 
from aculeatin hydrate and phthalic anhydride by heating at 135° for 
6 hours. After the reaction the mass was disso:ved in dilute ammonia 
and extracted with chloroform to femove the unchanged aculeatin hydrate. 
The ammoniacal solution was acidified with dilute hydrochloric acid and 
extracted with chlo.oform. The ‘acid phthalate. obtained by evaporating 
chloroform, was crystallised from 70% alcohol, m.p. 204°.. (Hound: C, 
63°25; H, 54. Calc. for C,,H.0.: C, 63°15 ; H, 5°26 per cent)., 

Oxidation of Aculeatin Hydrate with CrsO0;.—A solution of aculeatin 
hydrate (1 g.) in glacial acetic acid (15 c.c.} with chromic acid (o'5 g.} 
dissolved in 20 c.c of 50% acetic acid was allowed to stand at the room 
temperature for 60 hours in a well-stoppered flask The reaction mixtume 
was first distilled until 5 c.c. distillate were collected in a receiver con- 
taining 5 c.c. methyl alcohol (Merck), 4 drops of freshly distilled benzal- 
dehyde and 4drops of 10% sodium hydroxide solution. Due to the presence 
of acetic acid carried over during the distillation, the ex] ected condensaticn 
did not occur. Hence this distillate was treated with calcium catbonate 
to eliminate the acetic acid and distilled again. The distillate (5 c.c.) was 
collected and made alkaline with 3 drops of 10% sodium hydroxide solution 
when dibenzalacetone separated in fine needles; recrystallised from 50% 
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méthyl alcohol, m. p. rx1°5-112°, and identified as dibenzalacetone by 
mixed melting point. : ; 

a Oxidation of Aculeatin Hydrate to the Aldehyde, Ci3H,,0; by Lead 
Tetraacetate.—A solution of aculeatin hydrate (0°45 g-} in glacial acetic 
acid (7 c.c.) anda solution of lead tetraacetate (oS g.) in glacial acetic 
acid (25 c.c.) were allowed to stand for 17 hours at the room temperature, 
and finally warmed to 40° for 15 minutes. Water (ro c.c.) was then added 
and the solution was concentrated under reduced pressure and ro c.c. water 
again added, when crystals separated. These were filtered at tHe pump, : 
and crystallised from a mixture of benzene and petroleum ether, m.p. 
142-142°5° (corrected). It distilled at 150-160°/o'x m.m. (Found: C, 
62°76; H, 5°0. CysH 1,0; requires C, 62°90 ; H, 4°83 per cent). 

The aldehyde, prepared from toddalolactone, also melts’ at I41°5°-142'5° 


y 


“ 


‘(mixed m.p.) . 
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PHYSICAL, CHEMISTRY OF RESIN SOLUTIONS. PART VIIL, 
A DISCUSSION ON THE VISCOSITY OF RESINS, .. 
CELLULOSE DERIVATIVES, ETC IN 
‘MIXED SOLVENTS. 


By Santi Ranjan Pauit. 


Viscosity data obtained for lyophilic solutes, c.g , resins, cellulose derivatives, etc. in 
mixed solvents have been examined from theoretical and experimental considerations. 
It has been shown that the results are qualitatively in agreement with the classical equa- 
tions on viscosity. ‘The conditions for the occurrence and position of the minimum vis- 
cosity have been discnssed and the results have been generalised in the shape of a rnle, 
deductions from which have been shown to he in accord with the available data, 


The present communication is an analysis of the results presented in 
some previous papers (Palit, J. Indian Chem. Soc., 1940, 17, 663; 1942, 419, 
207) of this series, to correlate them with the available data on a common 
background. Mention may, however, be made of the work of various 
authors who attempted to correlate the solvent power and viscosity 
of solutions of resins and nitrocellulose with the oxygen content of the 
solvent, the presence of polar groups, molecular volume, etc. with only 
limited success. ‘The author’s main observations and results have been 
summarised in theyprevious paper and discussion will be made without any 
further reference to them. 


Mathematical Analysts. 


It is of interest to examine how far our result can be fitted into the 
existing equations of viscosity. Let us assume that the viscosity curve of 
the pure solvent mixture be of a simple type, without exhibiting maximum 
or minimum, as given by the equation of Kendall and Munroe (J. Amer. 
Chem. Soc., 1917, 89, 1802). . 


gant + (xc—x)af . & 


where x is the mol-fraction of the component whose viscosity is 71, n¢ is the 
viscosity ofthe other component, and 19 that of the mixture. If now 
progressively increasing amounts of a lyophilic solute are added to the solvent 
mixtures, each point on the curve would rise up vertically corresponding to 


‘.* Bor discussion, vide Bancroft ‘“‘ Applied Colloid Chemistry” 10942, p. 381, 
Doolittle, Ind. Eng.Chem., 1938, 30, 189 
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a rapid increase of viscosity with increase of concentration. ‘Various equa- 
tions have been proposed to represent viscosity variation with concentration, 
of which we shall examine the most classical one—the exponential equation 
of Arrhenius, which can be put as 


log' 1 = log no tke . ; we (it) 


where 7 is the viscosity of the solution and yo, that of the solvent mixture, 
¢ represents concentration of the solute and k is a constant Combining 
these two equations, we get a generalised equation representing | at any 
coinposition of the solvent mixture any concentration of the solpite. ‘The 


a 


combined equation is 
log 7=3 log {pxt+g (r-—x)} + ke we (ita) 


where » and q stand for nt, and nf respectively. The constant k has certainly 


not the same value for all compositions of the solvent mixture, but is an 
unknown function of x. So we may put ¢(x) for k when we get 


log n=3 log {px+q. Gosia (x).c 


This equation can show a minimum with respect to x-axis, when the 
“first partial differential of viscosity vanishes, i.e., O7/Ox=0. Now differen- 
tiating with respect to x, we get (tit, a) which for minimain the viscosity 


curves, gives equation (iv). 
4 





on = 3'p—q) Og oe vee 
7 Ox px+ q(t—x) ve Ox a. (iti, a) 
3 (a-0)_ ; 
= . Ox pura (r-x) eee ’ (iz) 


This equation gives the concentration, ¢ of the solute which will 
produce minimum viscosity at any given compcsiticn, x of the solvent 
mixture. ‘This equation canuot be utilised, unless $ is explicitiy known asa : 
function of x, which can only be done by empirical means. Butit can 
elucidate one important point, that the viscosity minimum approaches the 
optimum composition with increase in concentration of the solute. In other 
words, we have to find out the condition under which c becomes rey high. « 
Evidently, from equation (iv) when 


OPES 67> 00. anne 
Ox 


But C¢/dx=o is the condition for a minimum in ¢ (x). Then it follows that 
to whatever extent the concentration may increase, the viscosity minimum 
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would tend to approach the composition for which the Arrhenius constant 
k=@ (x)isa minimum. A minimumink implies the optimum solvent 
composition by definition. Hence, we have thus theoretically derived, 
within the very restricted validity of the starting equations (i) and, (ii) our 


“main experimental observation that the viscosity minimum does not occur 


at a fixed solvent composition, but tends to approach the optimum solvent 
composition with increase of solute concentration. Hence, not ‘viscosity, as 
is often loosely stated, but same function of viscosity, which is unaffected 
by the concentration of the solute, should be found out for comparison of 


-solvent power. Baker (cf. Doolittle, Ind. Eng. Chem, 1938, 30, 195, 199) 


0 log | 
o¢ c—>o 
y=no(r+ac)* and McBain utilised the average Arrhenius constant, 


\ 


adopted the constant aba in his parabolic equation, 


k= log 2/16 


for dilute solutions, to compare the solvent power for nitrocellulose (J. Phys. 
Chem., 1926, 80, 312). 


s 


Discussion of the Position of the Viscosity Minimum. 


The viscosity curves of the pure solvent mixtures we have used, have 
mostly no maximum or minimum point, but conform to the usual type of 
having a slight sag, i.e., convex towards the x-axis, as shown in Fig. 1 
(lowest curve). Let us now consider what happens when progressively 
increasing amounts of a lyophilic solute are added to the solvent mixtures. 
Each point of the curve would move up vertically corresponding to a rapid 
increase of viscosity with increase of concentration. ‘The rate of upward 
rise, however, is not the same at every point onthe curve. As will be 
apparent from any series of experimental viscosity curves already given, the 
two extremes rise more rapidly than the central portions. Asarésult, as 
the concentration increases, there comesa point where a minimum is 
observed. 

The whole thing is made more clear graphically by some imaginary 
curves as shown in Fig. 1. Between the dotted lines and the two vertical 
axes is the insoluble region, the slight slant of the dotted lines implying the 
experimentally observed fact that, the higher the concentration of the 
lyophilic solute, the broader is the available solvent composition range. Two 
types of minima [are observable. In Fig. 1 (a) is shown the minimum first 
making its appearance at one extreme ofthe available composition and 
gradually moving towards the central sector with increase of concentration. 
In Fig. x (b), the minimum is first noticeable somewhere in the central 
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portion of the solvent compositions. ‘This happens when due to the sléw. 
upward wotion of the left hand compositions, the flattening of the curve 
first takes place right in the workable region. 


\ ee 
‘ - Tbs 


Fic, 1. 


IN 


Pure A PureB  PureA Pure 3 
Viscosity curves of a solvent mixture with increasing conc. of the lyophilic solute. 


The above qualitative description leads toa very important deduction. 
We have proved conclusively both theoretically and experimentally that 
increase of concentration always shifts the minimum viscosity towards the 
optimum solvent composition. This qualitative picture shows that there 
ig more chance for the minimum to make its appearance near the Jess viscous 
component ; or more precisely stated, the minimum has to move from 
the less viscous to the more viscous component. Hence, we come to the 
very important conclusion that the minimum viscosity should usually lie 
between the pure less viscous component and the optimum solvent com- 
position, and should tend to move towards the latter composition with 
increasing solute concentration. 

This conclusion will be referred to later as the rulé of minimum 
viscosity, applicable to lyophilic solutes in mixtures of two latent solvents, 
or of one solvent and another latent solvent. Presumably we-shall look 
for a perfect validity of the rule in solvent mixtures whose viscosity-com-. 
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position curve shows only a sag but no maximum or minimum. It is 
also assumed that no chemical combination of the solvents in the accepted 
sense takes place, for example, aniline-acetic acid type mixtures do not come 
under this rule. 

‘That the viscosity of the individual solvents is an important factor 
was, perhaps, realised by McBain (loc.cit.). It was not realised, however, 
that whatever disparity in viscosity lies between the two individual latent 
solvents, the viscosity minimum is bound to appear with high concentration 
of nitrocellulose. ‘ 

The rule of minimum viscosity may be more concretely put as follows. 
We have already shown (vide Part IV) that the ratio of the solvent powers 
gives the optimum solvent composition. Hence, if there are two non- 
solvents, A and B, showing mixed soivent effect, and if the viscosity of 
A is less than that of B, then two cases may arise depending on the relative 
solvent powers of A and B. 

Corollary A. (1)—If the solvent power of A is greater than that of B, 
then the viscosity minimum lies close to the pure solvent, A, and never, 
beyond 50% of A. The more powerful is A in comparison with B, the 
more will be the closeness of the minimum towards the pure A side. 

A, (2)—If the solvent power of A is less than that of B, the viscosity 
minimum may be anywhere between pure A and somewhere containing 
more than 50% of A, depends on the relative solvent power of the 
two, 

A special case arises w whek A is a true solvent and B isa coupler (latent 
solvent). the expected results being given as follows:— 


Corollary B. (x)-lf™ <4 , the viscosity minimum will be in the 
first half very close to A, and with increasing concentiation of the solute, 
ee move towards a higher percentage of the coupler. ; 

(2)—IE ™ > 1», the viscosity minimum may remain anyw here 
mae the lowest possible to a very high percentage of the coupler-(i. e., up 
to the optimum solvent composition), and will travel towards a lower, pet- 
centage of the Jatent solvent with increase in concentration of the solute. | 


Expenmental Test of the Rule of Minimum Viscosity. 


It is interesting to test how far these generalisations are borne out by 
available experimental data. Previous dataon resins in mixed solvents are 
absent. So far the author’s data on resins and cellulose derivatives are con- 
cetned, there is no single exception to this rule, the viscosity minimum being 
always found to he between the pure Jow viscous components and the 
optimum solvent composition (vide Table 1), ‘ 
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- Tasie I. 
Solute conc. Less viscous More viscous = * Relative sol- | Observed posi- 
solvent (A). solvent (B) vent power. tion of 
A:B. minimum (%B). 
Shellac. 7 ‘ 
25 to 35% Acetone Water 86 3 14 7-12 
35 to 45% Acetone Glycol 36 3 64 I4 25 
45 to 50% Methyl acetate Glycol 30 370 : 42-46 
a5 to 35% Acetone Alcohol 20 * 80 15-30 
Ester Gum. 
30 to 50% Xylene Alcoho] 68 3 32 2-20 
Glyptal. 
25% Butyl acetate Alcohol >50% About 35 
Ethylcellulose * 
3 to 5% cycloHexane cycloHexancl. >50% B. 15-18 
5% Toluene Alcohol ” Abont 30 
Nitrocellulose 
10 to 15% Alcohol Dioxane >>50% B About 65 


* te, optimum solvent composition A> B 


Viscosity studies of cellulose nitrate and acetate are avilable to some 
extent though such studies, as pointed out by Sproxton (Third Report on 
Colloid Chemistry, 1920, p. 84), are scanty before 1920. A good amount 
of data accumulated in the next few years, but they are of questionable 
reliability, particularly after the demonstration by McBain (loc. cit.) of the 
various sources of error. We choose from among the data df this period 
to discuss those of Mardles (J. Soc. Chem. Ind., 1923, 42, 2077; J. 
Chem. Soc., 1923, 128, 1951 ; 1924, 125, 2244: on cellulose acetate and 
those of McBain and co-workers (loc. cst.) on cellulose nitrate in the light 
of our theory. Since viscosity data in two non-solvents are scarce, we 
shall make a test of corollary B of the minimum viscosity rule for solvent- 
coupler mixture. We shall first make clear our reasoning by illustration 
with a typical case. Suppose, we take the .case of ethyl acetate-alcohol 
solutions of nitrocellulose. Viscosity of the ester is o’441 (25°) and that 
of alcohol is 1°05 (at 25°). Now, ethyl acetate, a true solvent, is by far 
more powerful than the latent solvent, alcohol and hence, the optimum 
solvent composition would contain far in excess of 50% of the ester, say, 
70 : 30 proportion of ester: alcohol. Hence, according to our view, the 


, 
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viscosity minimum wili always lie between the pure low viscosity solvent 
and the optimum solvent composition, i.e., it must be between o to 30% 
alcohol -depending on the concentration of the solute. Of course, the value 
30 has here been a reasonable estimate only, but if the relative solvent 
power is determined by the method proposed by us, or by any other 


- suitable method, it is possible to fix it definitely. At all events, it can 


never exceed 50%. alcohol. From Mardles data very few cases of solvent- 
active solvent mixtures are available for testing our theory (particularly, 
corollary B). Our main contention that the viscosity minimum lies 
between the pure less viscous solvent and the optimum solvent composition 
is, however, boine out by his data and curves (ether-alcohol, cyclohexa- 
none-henzyl. alcohol, actone-alcohol, etc.) where it is observed to lie 
between the pure less viscous solvent and the composition having maximum 
solvent power. The data of McBain and co-workers, though involving a 
variety of solvents, are hardly utilisable for such test, since it is impossible 
to find out the position of the minimum for their data on viscosity and 
Arrhenius constant. at only two or three solvent compositions. But, in 
the main, no palpable exception to our rule could be found. 

Some recent precise data on nitiocellulose (4” R.S.) (cf. Doolittle, loc. 
cit.) may be used for testing the rule of minimum viscosity. Doolittle has 
studied 8% nitrocellulose in 29 solvent combinations of which 13 are ester- 
alcchol mixtures. Since methanol itself isa solvent for this type of uitro- 
cellulose (for actual value cf. McBain, Giant and Smith, J. Phys. Chem., 
1934, 88, 1217) and so cannot be regarded as a latent solvent, this rule 
cannot be tested in its combination with ester. Leaving out the 3 cases 
using methanol, all. the other combinations have the ester as the Jess viscous 
component, and alcohol as the higher viscous component. Hence, according 
to our theory, the viscosity should either continually rise with increase of 
alcoho!, or should showa minimum wearer the ‘pure ester end. All the 
experimental curves without exception conform to this expected behavicur. 
The viscosity data for methanol with inethyl, ethyl or isopropyl acetate do 
not show a minimum up to 50% methanol. Perhaps, it is above 50% 
methanol, which may show that methanol is a more powerful solvent for 
4" R.S. cellulose nitrate than the esters. This is confirmed by independent 
measurement of solvent power by dilution ratio method of the same system 
when it is found that the addition of methanol up to 50% (data above 50% 
not available) continually increases the solvent power of the ester. 

In the same paper, 11 cases of ketone (solvent)-alcohol (coupler) mixture 
are studied, all of which, in agreement with our theory, either show a 
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continuous rise of viscosity with increase in alcohol, or show a minimum at 
small proportion (5-30%) of alcohol. Doolittle could not explain: why 
acetone fails to show a minimum viscosity, whereas our views completely. 
explain this supposed anomaly. If Doolittle would have increased the 
concentiation of nitrocellulose, minimum would have been observed slowly 
approaching-towards the optimum solvent composition. The extremely low 
viscosity of acetone (0°32 c.p.) is admittedly responsible for such late appear: 
ance of the minimum viscosity. 


Of the remaining twocases with butanol and cellosolve or methyl 
cellosolve, the latter system behaves in perfect agreement with our theory. 
There is, however, one real exception, i.e., the case of cellosolve-butyl 
alcohol. Cellosolve is less viscous than butyl alcohol and certainly has 
stronger solvent power than buty! alcohol. Hence, according to our theory 
_ either the viscosity would rise with butyl alcohol, or it should show a mini- 
mum at somewhere less than 50% butyl alcohol. The given data show that 
up to 60% butyl alcohol the viscosity continually decreases. We are now 

forced to admit it as a real departure from our rule, umtess by actual experi- 
‘ ment we are able to demonstrate a non-validity of our fundamental condition 
—the absence of maximum or minimum in the pure solvent mixture. - From 
general considerations it will easily appear that only a pronounced minimum 
towards the alcohol side, or maximum towards the cellosolve side 
in the viscosity curve of the pure solvent mixture can bring forth such 
_departure from the rule of minimum viscosity. It’may be pointed out that 
“such singular point in viscosity curves is very common in such mixture of two 
hydtoxylic solvents (Jaegar, ‘Second Report of Viscosity and Plasticity”’, 
1938, p. 80; Spells, Trans. Faraday Soc., 1936, 82, «30 ; Hatschek, 
“Viscosity of Liquids’, 1928, p. 136). Any way, it is of real significance that 
the rule can pass a test of 27 cases with only one doubtful failure. Some very 
recent data by Ware and Teeters (Ind. Eng. Chem., 1939, 84, 738, 1118) on 
viscosity of different concentrations of nitrocellulose in ester-alcohol allow a 
further test of our rule of minimum viscosity. Sevén pure esters and seven 
pure alcohols have been studied in 36 combinations, each combination beir 2g 
provided with data for more than two concentrations of nitrocellulcse, ard 
in all these cases not a single instance is observable where the minimum or 
the viscosity variation is in the opposite sense to that demanded by our 
theory. (The value 732 in pure n-propyl acetate with 11% nitrocellulcse 
is perhaps a misprint, as appears from the general trend of its adjoining 
figure; otherwise this constitutes a serious discrepancy to our theory). 
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Lffect of Concentration and Temperature on the Position of 
Minimum Viscosity. 


It has already been demonstrated that the effect of increasing con- 
centration ‘is to slvift the ‘minimum viscosity towards the optimum solvent 
composition. But according to the rule of minimum viscosity, the viscosity 
minimum is always towards-the low viscosity side of the optimum solvent 
composition. Hence, we may. ‘State that the effect of increasing concentra- 
tion is to displate the” minimum towards a higher proportion of the more 
viscous solvent. 

A Sowering of temperature, so far its effect on. viscosity is concerned, is 
normally equivalent toan increase of solute concentration. Hence, on 
similar grounds we may state that with decrease of temperature the viscosity 
minimum shifts towards a higher proportion of the more viscous component. 
The nearer are the systems to the gelation region, the more pronounced will 
be the effect. These deductions from theory are in good agreement with 
our observations. 

It would have “been inte1esting to study rubber, which also shows 
pronounced augmentation of solvent power by addition of hydroxylic non- 
solvents (cf. Gee, Trans. Faraday Soc , 1940, 86, 1162, 1171; Kemp and 
Peters, Ind. Eng. Chem., 1941, 38, 1264) to test our view point, but un- 
fortunately no viscosity data in mixed solvents are available. 


t ‘ 


% 


Crilical Examination of the Theory. 


There are two fundamental and crucial poits in our arguments. Firstly 
we have defined the optimum solvent composition as that composition of the 
solvent inixture which requires the highest concentration of the lyophilic 
solute to just produce gel at. any given temperature. Since the composi- 
tion, as defined above, is difficult of expeiiméntal determination, We have 
chosen to call that composition asthe optimum one, which has the least 
tendency to gel-formation on cooling. Such an assumption has been found to 
be approximately justified on experimental grounds. It then follows,from 
definition that since this composition can stand highest concentration of 
solute without gelling, the viscosity minimum will always tend to approach 
this composition with increase of solute concentration and should ultin ately 
coincide with it in the limiting case of using of the highest workable concen- 
tration of the solute which just gives ge]. Hence, it is clear that the 
assumption that the viscosity minimum will drift'towards and finally coincide 
with the optimum solvent composition, isa sound one based on perfectly 
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logical theoretical considerations and is amply supported by experimental 
data. Secondly, it will be evident by following the arguments that we 
advanced when deducing the minimum viscosity rule in conjunction with 
its accompanying series of curves (Fig. 1) that, ifthe viscosity minimum has 
to occur and to drift towards the optimum composition, tke simplest geo- 
metrical possibility is that the minimum should first make its appearance by 
the low viscosity side of the optimum soivent composition, Hence, it is 
established that ifthe basic conditions (1.6: no inaxima or. thinima in the 
viscosity of the pure solvent mixture, no chemical combination, _ ete.) are 
satisfied, the rule of viscosity minimum follows as a logical deduction. 

In attempting to apply it to actual cases we have made. the assumption 

that the proportions of the individual solvents at the optimum composition 
respectively represent their solvent power. We have already discussed in a 
previous paper (Part IV) the validity of such an assumption and may only 
state that so far, we have not met with any case in conflict with this. . 
Experiments are, however, in progress to make a crucial unambiguous test 
of such an hypothesis on the lines pointed out earlier, results of which only 
can pronounce the final verdict. But it must be pointed out that the admis- 
sibility or otherwise of such’ an assumption in no way affects the validity 
of our rule; Only it will not remain as easy as now to foretell from solvent 
power data (preferably, by gelation or precipitation method) the expected 
range in which to expect the viscosity minimum, and its direction of 
drift with concentration of the lyophilic solute. 
.  Itshould be recognised that our theory is only applicable to cases of 
mixtures of two complimentary lIatent solvents or of a solvent anda coupler, 
but does not extend to mixtures of pure solvents. This limitation is due to 
the fact that our assumption that an optimum solvent. composition exists, 
may not always be true in these latter cases. I1 may quite happen that -two 
good solvents on mixing may antagonise each other’s solvency in sucha 
way that a mixture may gel at a lesser concentration of the solute than the 
individual pure solvents. Under such ci:cumstances, viscosity maximum 
may be observable and this may perhaps be the cause of ‘the viscosity 
maximum of sheliac djssolved in a mixture- of two good solvents, alcohol 
and acetic acid (cf. Mardles, loc. cit.’ 


Irregular Solvents and the Rule of Minimum Viscosity. 


Two sharply differentiated ties of cases may be recognised from geometri- 
cal consideration. Firstly, if the minimum is between the optimum solvent 
composition and the low viscosity component, geometrical considerations 
show that the rule will be obeyed throughout; if the minimum of the pure 


_lyophilic, ,colloid the maximum will bemore prominent, ~ a 
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mixture is on the other side of the optimum composition, there is hardly any 
chance of the rule being valid. For the case of maximum, just the reverse 
holds with somewhat lesser degree of certainty. These deductions are so 


-easily made from a consideration of thé geometrical possibilities of the curves 


similar to those in Fig. 1 that detailed discussions are omitted. . 

According to Mardles (loc. ctt.) the colloid only makes prominent any 
peculiarity in the viscosity curve of the pure solvent mixture. In other 
woids if two solvents show viscosity maximum in mixture, on adding a 


~ 


This rule evidently cannot hold good in mixtures of two complimentary 


Jatent solvents or of a solvent and a coupler as we have established, both 


theoretically and experimentally, that at sufficient concentration of the 
lyophilic sotute a minimum in viscosity curve is bound to appear independent 
of the nature of the viscosity curve of the pure solvent mixture. The example 
of acetone-water mixture isa very apt one to illustrate the inadequacy of 
Mardles’ view. This mixture is well-known (Int. Critical Tab]. Vol. V.p. 22) 
to show viscosity minimum when cellulose acctate, cellulose nitrate or 
shellac is dissolved in it. 


Latent Solvent and Diluent. 

A diluent is a substance whose solvent power is practically nilin com- 
parison with a true solvent. Hence, there isno optimum solvent composi- 
tion except practically on the pure solvent itself. It therefore, follows 
from what we have said above, that the minimum, if any, should tend to 


FIG. 2. 








re 
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Viscosity change of a solvent-diluent mixture with increasing 
concentration of nitrocellulose 
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approach the pure solvent with increasing concentration. It is not ‘true 
that on replacing‘a part of the solvent by a diluent, the viscosity of the 
nitrocellulose solution always iticreases as proved from the following sin.ple 
‘consideration. If the solvent-diluent viscosity curve is of the simple type 
showing no maximum or minimum, two possibilities (Fig. 2). may occur 
déperiding on’whether the diluént has higher or lower viscosity.” As more 
and niore solute is added, the two curves slowly goup and assume the 
sticcessive forms as shown. Evidently, im type 1, diluent will “always be 
fotind to increase the viscosity, whereas in type 2, the diluent with incréas- 
ing’ coviéentiation of nitrocellulose first, decreases the viscosity ‘then may 
show minimum viscosity and finally at high concentrations of nitrocellulése 
shows the usital behaviour. Since most investigations on nitrocellulose, 
hae ’ $6 far been carried out at high. viscosity, these points have been 
missed. “That actually at a lower concentration of nitrocellulose, the curve 
for a lbw’ viscosity diluent tends to show minimum, is clearly ‘brought out by 
the quite recent data of Ware and Bruner (Ind. Eng. Chem., 1940, 82, '78) 
for nitrocellulose in isobutyl acetate-toluene mixture as shown i in the table 
below (see particulariy data for 8% nitrocellulose). : 


: Tasie II. 
isoButyl acetate: + Viscosity (sec.) at 25° for nitrocellulose conc ‘g./1oo cc.) 5 
toluene. : 2 
"78. 8g: 98 10 g. 
100: 0 _ 420 54'0 . 19700 
80 : 20 — 41'5 . , 55°6 78 § 
90 : 40 38°8 48"4 62°7 897 ' 
50: §0 39°0 §2°3 79 = 
40 : 60 46°3 67°3 _ IOL'O — 


Further, it is interesting to observe from a table compiled by McBain 
(J. Phys. Chem., 1934, 58, 1217) that in perfect agreement with our views, 
toulene (non-solvent) shows improved solvency. (presumably viscosity lower- 
ing) with alcohol for an alcohol-soluble nitrocellulose, whereas with acetone, 
it does not give any optimum composition. It may be noted that the 
viscosity of the diluent (toluene) is lower than that of alcohol but much 
higher than that of acetone So, the distinction between an active solvent 
and a diluent is, that for the latter in “combination with a pure Solverit the 
optimum solvent composition is practically the pure solvent_ itself, while for 
the former it contains some proportion of the active solvent. Hence, the 
current idea that a diluent always increases - the eeoee is found to 

be misleading at times. : = 
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|) PHOTO-OXIDATION OF QUININE. 5. |: 


‘ cs saa By T. L Rama CHAR. 


y 


The photo-oxidation of quinine hydrochloride by uranyl nitrate, sodium vanadate and 
potassium dichromate has been studied Differences have been obtained for the -velocity 
of phctoreduction of vanadate by quinine in d and [circularly polarised light. 


Complex Formation.—Uranyl nitrate enhances the rotation of quinine 
hydrochloride, Cy9H.,.N,02, HCl, 2H:O. Measurements of the rotation of 
these mixtures, keeping the concentration of quinine hydrochlotide constant, 
showed that the rotation ef the mixtures attained a maximum value for mix- 
tures of the composition quinine-4-urany!l; further increase in concentration 
of uranyl had no effect on the maximal rotation. Assuming that for these 
optimum mixtures (i.e. for which the maximal rotations just begin) complex 
formation is complete, +t.e. concentratlon of complex = concentration of 
quinine, the dissociation constant of the complex 


K= [Complex] 
[ Quinine-complex] x [uranyl-complex | 
was caleulated according to the method described for tartaric acid-uranyl 


nitrate mixtures in‘a.previous paper (Rama Char, -J. as Chem. Soc., 
1942, 19, se) : The results are given below. ut 


- * > 


Tape I. 


Length of solution=2'5 cm. A=5893&. Temp.=25°. 


Cone. of quinine hydrochloride=o'o25M. Conc of quinine hydrochloride=o'o1aM. 


Conc. of Obs. Conc. of K. Conc. of Obs. Conc. of K. 
uranyl, | rotation complex uranyl. rotation. complex. 
o'r00M —0'60° 0'025M 0050 —0'30 soi 

0'050 0 54 o°oIg 102 © 028 —0'°26 0°008 100 
0 025 —0'49 O'OI4 115 o'O12 —0'23 0*005 102 
0 013 —0 44 0 008 94 0 006 O21 0'003 110 


_ —0°36 _ _ _ —0'18 


“ aos 


Mean value 104 


ee ons 4 


_. There is concordance in the values of K and the sign of rotation of 
the complex is the same as that of quinine. 
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Photoreaction.—The complex obtained by the addition of urany] 
nitrate to quinine hydrochloride is photo-sensitive and undergoes reduction 
in the ultraviolet, quinine being oxidised and the urany! salt reduced to the 
uranous state: U"setowy—>U" (greeny. The experimental arrangement 
for studying the photoreaction was the same as that described in a previous 
paper (Rama Char, J. Indian Chem. Soc., 1941, 18, 507). 

The reaction was followed by estimating the uranous content by. the 
Konig-Marten spectrophotometer. For this purpose standard uranyl 
solution was completely reduced in dn atmosphere of CO, to the uranous 
state by adding the calculated amount of titanous chloride. The uranous 
concentration in the blackish green solution thus obtained was estimated 
according to the method described in a previous paper by the author (Rama 
Char, 1942, loc cit.). 

Different sets of mixtures of uranous solution and quinine hydrochlo- 
ride were then made up, the concentration of quinine being the same for a 
set but varying from one set to another. ‘he absorption of these mixtures 
in the blue region was then meéasured: spectrophotometrically. The mole- 
cular extinction_coefficient, ¢ is given by, 


e=(log tan 6,—log tan 9,)/c.d. 


where 9, and @, are the spectro-readings with solution and water respectively, 
c, the molar concentration ‘of solution and d, the length of solution in cm. 
The measurements showed that the absorption of the mixture in each set 
was independent of the concentration of quinine and depended only upon 
the uranous concentration. ‘The results obtained for a few typical mixtures 
are given below. 


TABLE II. 
Length of solution=o0'5 cm. A=4g164. 


, oy tan 45—log tan 6,) in conc. of quinine. 
Conc. of uranous. o°025M. o’'013M. 0 006M. 


0'020M o'515 0 515 0 515 
0’013 0'372 0°372 0°372 
0 006 0°213 0 213 0 213 
“9 003 6 139 0 147 0 139 


"The concentration of uranous when plotted egainst (log tan 6.—leg 
tan 6,) gave a straight line (diagiam not shown), and fiom this the conceu- 
tration of uranous in any unknown mixture could be found out by knowing 
the spectro-reading. a Pte, fades 
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There isno dark reaction in 24 hours and the photoreaction is zero- 
molecular with respect to uranyl. The results obtained are given below. 
dx/dt refers throughout to the number of g. mols transformed per minute. 


e Tasiez III. 


Radiation = complete ultraviolet. pa=3 to 4. Temp.=25°. 


Cone. of Cone. of ‘3 

quinine _ tranyl. Tabs . dx/dt. k='da/dt)/labs 
o'025M 0’500M 20070 ergs 5°0 x 1078" 25 0x107%° 

a ; - 0 100 si 5'0 + 25'0 

ees eae is 10380 2°5 240 

’y 0 050 173000 43 ‘ 24°9 

o'or3 ” sai 43 24.9 

x 0025 se 43 - ” 24°9 

” : 7 8650 ; 22 : 25°4 

0 066 . 0 013 17300 42 243 

: ° 003 . ; Q'OIo i , 43 249 

. o°oo1- 0°004 ro 43 249 

gyn " ¢ 002 sé 42 243 


"The results show that in spite of the large vatiation in the concentra- 
tion of the ‘Teactants, the velocity of the reaction is simply propoitional to 
the’ ‘tensity of the light absorbed by the complex: 


“dufdtsk XIabs, Where k - 24°8x 107}° (mean value). é 


Quinine Vanadate Sol. 


Quinine vanadate sol was prepared by peptising the freshly precipitated . 
quipine vanadate obtained by the addition of quinine hydrochloride te 
sodium meta-\anadate. It was then filtered when acolourless sol was 
obtained. This was quite stable for several days and did not coagulate 


This sol is photo-sensitive to ultraviolet light (31308) and undergoes 
reduction when exposed to this radiation, quinine is oxidised and vanadium 
reduced from the pentavalent to the quadrivalent state. The reaction was 
followed by estimating the ‘vanadium (as ve ) according to the method of 
Furman (Ind Eng. Chem., 1925, 17, 314). ‘here is no dark reaction in 18 
hours'and the photoreaction is zero-molecular with respect-to pentavalent 
vanadium. The results obtained are given below, 

6—1427P—10 
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Tasie IV. 
A= 31308. pa=7'1. Temp.=25°. k=(dx/dt)/Invs x [sol]. 


Conc. of quinine : conc. of NaVO; in sol=1:7. 


Conc. of sol. . Quantum 
as VY, Tabu dx/dt k, efficiency (7). 
0°023M 4560 ergs 7°9x 1078 75x108 005 
0'0I2 ” 39 71 . 0°03 
0°023 ~ 9120 15 8 - 75 


The velocity of the reaction can be expressed by the equation, 
dx/dt=k x Inve x [sol], where k=7 4 x 1078 
The quantum efficiency of the photo-process is small. 


Reaction in Circularly Polarised Light.—Quinine vanadate sol exhibits 
circular dichroism in the ultraviolet (31304), the anisotropy factor g being 
positive. This means that the molecular extinction coefficient of the sol in 
Lcircularly polarised light is greater than that in d-light, and therefore, the 
velocity of the photoreduction of the sol in [-light is expected to be greater 
than that in d-light. The experimental results conform to these expecta- 
tions Circularly polarised light was obtained by the combinations of a 
Glans polarising prism and a Carl Zeiss quarter-wave plate. The circular 
dichroism was measured according to a method involving the sensitive Moll 
thermopile relay system with a Zernicke galvanometer. (The details are 
described in a paper to be published shortly). The values obtained for the 
circular dichroism of the sol and for the velocity of the photoreduction are 
given below. 


TABLE V. Tasig VI. 
Cone. of sol as V’=0'023M ¢;=Mol. Conc. 7‘of sol as V°=0'023M 
extinction coeff. in l-circularly pola- A= 39304. Other conditions same 
rised light. ¢g = Mol. extinction as in Table IV. s 
coeff. in d-circularly polarised light. 
Other conditions same as in Table 


IV. Polarised light. Tabe. dx{dt. 
Wave-length. £=(e:—e4) Her tex). l-cireular 1380 ergs a°7%* 1076, 
“.. 31308 +o'orr d ss ” 18 


- The velocity of the reaction in I-lightis greater than that in aeR 
and the difference in the value of dx/di is very large. 
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Quinine Dichromate Sol. 


Quinine dichromate sol was prepared, as in the case of quinine vanadate 
sol by peptising ‘the freshly precipitated quinine dichromate obtained by 
the addition of quinine | ‘hydrochloride to potassium dichromate. It was 
then filtered when* an yellow or orange coloured sol was obtained. ‘This 
s:Was quite stable for several days and did not coagulate. 

The sol is photo-sensitive to ultraviolet (31308) as well as to visible light 
(40608 and 43604) and undergoes reduction when exposed to these radia- 
tions. Quinine is oxidised and dichiomate reduced: Cr™ cyetow)-> Cr™ (green) « 
The reaction was followed by the iodimetric method for the estimation of 
dichromate. ‘There is no dark reaction in 15 hours, and the photoreaction 
is zero- molecular with respect to dichromate. 

The experimental results given in Table VII below show shee they 


are of the same type as those obtained for the photo-reduction of quinine 
vanadate sol ‘ 


sk 


Taste VII. 


A=31308. pr =5°3. Temp.=25°. k=(dx/dt)/Tave x [sol]. 
Conc. of quinine : conc. of K,Cr,0, in sol=1:3.° 


Conc. of sol Taba « dx/dt. k, Quantum 
as dichromate. . efficiency (7) 
oo1r2M 9950 ergs 23°6 x 1078 3a0xX107° 0012 
0°006 ‘ on “17 2°9 o 006 

o'0I2 5280 18 28 
” 3290 12 3'0 7 


Contrary to the observations of Forbes‘et al (J. Amer. Chem. Soc., 
1932, 54, 960) it has been -found that the sol undergoes. photoreduction in 
blue light. Tables VII and-IX give the results obtained in the violet and 
blue regions. 


Tas_e VIII. 


A=30608. Other conditions same as in Table VII. 


Conc. of sol. | Tabs . dx/at. k. . 
o'o1alf 8650 ergs 2°7 x 107° 26x107° 0008 
0°006 ” v4 27 0004 
O'o12 6490 20 2°6 


” 4320 4 27 
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Taney IX. 


A4=4360A. Uther conditions same as in Table VII. 


Conc of sol Tabs . dxlat. k. y. 
0 o12.4 7780 ergs a°4 x 1078 . 26 x1078 0°007 
0'006 i 12) 26 : 0 O04 - 
o'ora 4840 I's 2'6 


Tables VII, VIII ‘and IX show that the quantum efficiency of,,the 
photo-process is small ; it decreases with increasing wave-length of the radia- 
tion. 

‘The velocity of the photoreduction of quinine dichromate soi in the 
ultraviolet, violet and blue regions:can be expressed by the equatidn. : ; 


dx/dt=k xX Tate X [sol]. 


The author wishes to express his thanks to Prof. J. C. Ghosh for his 
kind interest in this work. 
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. STUDIES ON ADSORPTION IN RELATION TO CONSTITU- 
TION. PART I. ADSORPTION OF ALKALOIDS 
BY SILICA GEL. 


By B. P. Gyani anp P. B. GANGuLy. 


Adsorption of a number of alkaloids from alcoholic solutions on silica gel has 
been studied Considerable amounta of the alkaloids are‘adsorbed andthe adsorption 
process follows Freundlich's equation The attainment of equilibrium has been found 
to be a slow process The temperature coefficients of adsorption are generally 
large Similarly constituted alkaloids have given comparable adsorption coefficients. 
A parallelism between physiological activity and adsorption is also observed. 


The adsorption of individual alkaloids on different surfaces has frequently 
been observed. ‘Thus Moravek (Ark. Kem. Min. Geol., 1923, 8, No. 30, 1), 
found that brucine dissolved in benzene or toluene was strongly adsorbed 
on fused d-tartaric acid ; the amount adsorbed was ten times as large as 
that required for the formation of a monomolecular layer. Graham and Carr 
(J. Amer. Chem. Soc.. 1924, 46, 695) reported that nicotine compounds 
of calcium were present in tobacco grown on soil rich in lime. This 
apparent union of calcium and nicotine was explained by Chapin (ibid., 
1925, 4&7, 892) as an adsorption process. This view was confirmed by 
Thatcher’s (ibid., 1924, 46, 1539) observation that nicotine was completely 
removed when shaken with calcium carbonate. Sartorius and Ottemeyer 
(Z. unters. Lebensm., 1929, 68. 353) compared the adsorptive capacity of 
various brands of powdered and granular charcoal for caffeine. Most of 
the caffeine was adsorbed from solution immediately ; on longer contact 
the adsorption curve reached a maximum which later on followed a slight 
decline. Rise of temperature accelerated the adsorption but decreased the 
quantity. The adsorption from coffee infusions was less than from pure 
caffeine solutions; the colour and aroma of the infusions were not percep- 
tibly affected by the process. ‘The adsorption of quinine on active charcoal 
(norit) was studied by Guerrant and Salmon (J. Biol. Chem., 1928, 80, 67). 
The pz of the solution considerably modified the adsorption of quinine hydro- 
gen sulphate. Malquori (Anal. Chim. Appl., 1932, 28, 448) studied the 
adsorption of the hydrochlorides of nicotine, caffeine and quinine on silica gel 
and on the hydroxides of aluminium, chromium and iron. ‘The adsorption 
in each case was found to be considerable. Silica gel was found to be 
much more active towards the nicotine salt than towards quinine hydro- 
chloride. Hydrolytic adsorption of the latter was not observed. 


| ‘ a ae 
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From the examples stated above, it is evident that the adsorption of 
alkaloids vary considerably both in the nature and extent of the process. 
A detailed study of the adsorption of alkaloids on silica gel has been under- 
taken in the present investigation. 


= 
ExPERIMENTAL. 


The adsorption of morphine, nicotine, strychnine, brucine, quinidine, 
cinchonidine, quinine, piperine and caffeine from alcoholic solutions has 
been determined. The solutions used were of comparable concentrations 
and contained o’5 g. of the pure alkaloid in 100 ¢c.c. of absolute alcohol, 
except in the case of strychnine of which a saturated solution was used. 
Usually 25 c.c. of the solutions were shaken with 2 to 5 g. of silica gel in 
well stoppered bottles and left for a sufficiently long time to attain equili- 
brium. The amount of adsorption was determined by analysis before 
and after the addition of the gel The gel used in these experiments was 
a sample obtained from the Silica Gel Corporation. ‘To activate the gel 
it was first washed with distilled water for several days till free from acid 
and then dried at roo°. The gel was next heated to about 300° and a 
current of carbon dioxide-free air was drawn through it for three hours. 
The gel activated in this was was stored in a desiccator. 

Estimation of alkaloids, specially when present in mixtures is a matter 
of some difficulty. As pointed out by Prescott, estimation with Wagner’s 
reagent or Meyer’s reagent is not reliable as the composition of the 
precipitated iodides depends on concentration, temperature, time and 
other factors (cf. Ber., 1899, 32, 2871, Z. anal. Chem., 1900, 89, 2or ; 
Hezzig, Arch. Pharm., 1922, 269, 249). In the present investigation, 
however, estimation of only single alkaloid is required. Direct titration 
against standard acid with a properly selected indicator has been found to 
be sufficiently accurate. The suitability of different indicators in the 
titratious of alkaloids has been considered by McGill @ Amer. Chem. 
Soc., 1922, 44, 2156). In a number of cases the alkaloid solutions were 
also analysed by conductometric titration with silicotungstic acid 
(Lamberst and Foster, Proc. Roy. Soc, 1932, A, 184, 246). The two 
sets of data agreed within x to 1°5%. Estimation by silicotungstic acid, 
though accurate, has certain drawbacks. The crystals easily lose water of 
crystallisation and need recrystallisation before use. Further, the solution 
has to be standardised before each detérmination. Estimation by direct 
titration with suitable indicators, was, therefore, found more convenient 
aad has been generally used in the present experiments. The estimations 
of caffeine and piperine solutions were carried out by careful evaporation and 
direct weighing. 
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Preliminary experiments showed that go% of the adsorption took 
place rapidly within the first 24 hours. After this the syste continued 
to change very slowly and complete, equilibrium was not established even 
after several weeks. ‘To determine the exact equilibrium time, 109 c.c. 
each of 7 alkaloid solutions were kept in well stoppered bottles with 5 ge. 
of gel and changes in the concentrations of the alkaloid solutions were 
followed over a period of 75 days. The results are given in Table J. 


Thee I. 
i 


Rate of adsorption of alkaloids by stlica gel. 


Changes in concentration titre against N/1oo HCI : 


No of days. 0 3 6 10 15 20 40 60 7 
Morphine 770 620 5°90 5°70 540 5°30 5°30 — ~ 
Nicotine 1370 1090 1090 _ — — aa — _ 
Quinine 695 Goo 570 §60 550 540 540 — ~ 
Quinidine 755 635 6°05 590 585 580 580 aa _ 
Cinchonidine 815 685 675 6 60 6'50 640 540 _ ~~ 
Brucine 520 360 330 3°00 2 80 2°60 2 30 2°10 210 
Strychnine 410 240 2710 I'9o 175 170 1°60 1°60 _ 


From Table I complete equilibrium appears to be established in most 
cases only after 20 days, except in the case of nicotine where equilibrium 
was established within 3 days. , 

Adsorption from solutions is generally considered to be rapid, equili- 
brium being established in a few hours or a few days In the case of 
brucine in the present experiments, the equilibrium was not complete till 
after 60 days. Such a long equilibrium time ruises the question as to 
whether the changes in the titration values are really due to slow attainment 
of equilibrium or are due to some slow chemical change occurring in the 
system. Itis well known that alcohol undergoes dehydration or oxida- 
tion in the vapour phase im presence of a proper catalyst. If silica gel 
were playing a similar role, alcohol, even in the liquid phase, on prolonged 
contact with the gel, :night undergo chemical changes To test the point 
a blank experiment was performed. After standing in contact with the 
gei for about two weeks, the alcohol gave no tests for either ethylene or 
aldehydes, but had developed minute traces of acid. The possibility of 
any chemical change in the alcohol itself thus seems remote. One must, 
therefore, conclude that the attainment of equilibrium in these adsorption: 
experiments is really an extremely slow process. 


Z 
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A set of adsorption values for alcoholic solutions of different alkaloids 
is given in Table II. 


Tasie IT. 


as C.c. of solution treated with 5 g. of gel in each case. 
Initial Initial 
Alkaloia CONC: Initial Final Adsorp. Alkaloid conc Initial Final Adsorp- 
(x [100 


titre titre tion. (g ‘roo titre titre tion. 
cc h tee) {ce). ec) {ec}. {e.c.) 


Morphine 05g 23'7 84% 63°7% Cinchonidine o’5 g 250 9°2 63°2% 


Nicotine “3 420 = 19g'0 785 Brucine is 160 2°7 83°1 
Quinine 95 ar’2. r0°8 490 Strychnine 04 140 13 80 6 
Quinidine ,, 2433 689 618 Caffeine. 025 —_ _ 20 8 

Piperine 0 25 _ _— 24 


. 1 


Table II indcates that positive adsorption is obtaimed in every case 
except in that of pipeline, where the solution after treatment with the 
gel was slightly more concentrated and thus established negative adsorption. 
As is well known silica gel can adsorb considerable quantities of alcoho! 
vapour ‘cf. Lambert and Foster, at saturation 0°218 ce. of alcohol 
are adsoibed per g. of the gel). If the same amount of alcohol be re 
moved by preferential adsorption by silica gel from the alcoholic solution 
of piperine, it would introduce an increase in concentration of 38h. 
This is of the same order as actually found with the piperine solution. 
The observed negative adsorption is, theiefore, simply due to the 
preferential adsorption of the alcohol from the solution. That piperine itself 
is not adsorbed was also found by washing the gel free from adhefing 
solution and then treating the dry gel with concentrated acid when no 
colour or stain was developed. Incidentally it might be mentioned that 
the same amount of alcohol must be preferentially adsorbed by the gel 
in the case of the other alkaloid solutions also. The amount, however, 
is small and would not materially alter the amounts of adsorption. 


To study the effect of concentration on the adsorption process, adsorp- 
tion isotherms have been determined and the results are given in the follow- 
ing tables. The concentration terms in the tables refer to the amounts in 
g. mols present in 25 cc. of the solution. x/m represents the number of 
mols ( x 10°) of alkaloid adsorbed per g. of gel. 
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TasLe HI. 


25 C.c. of morphine solution treated with 4 g. of gel. 


Initial conc 


877 *10" 


17°54 
26°31 
35 38 - 
43°85 


Initial conc 


wy" ae 


15 43 * 107 


30°86 _ 
46°29 
6r°72 
77°15 


Tnitial conc. 


2 ae 


6°61 x 1078 
13°22 = 
19°83 
26°44 : 

: 05 
a See 


. Equil. 
cone. 
Ed 
5 2°04 x 1075 
612 
II‘42 
16°52 
22°23 


Amount xlm, 

adsorbed 

673x105 1 68 
¥1"42 2°86 
14°89 3°72 
18'56 4°64. 
21°62 5 41 

TABLE IV. 


log C. 


0° 3096 
0°7868 
10577 


1°2186 


1°3470 


log x/m.- - 


02253 —«« 
0°4564 » 
© 5705 

o 6665 
0°7332 | 


a5 C.c. of nicotine solution treated with 3 g. of gel. 


‘es Equi! 
. cone 
6 5°43 x 106 
_ 12°0r 
19"4x 
26°65 
. 34°38 


25 C. c. of quinine polaron ee with 5 g. of gel. 


Bquil. 
conc. 
2°55 % ro7* 
5°70 
orgo 
12°30' 
16°80 | 


‘ “Amount 
adsorbed 
to°00 x 1078 * 

1885. 
26°88 

~ 35°07 
. 42°77 


TABLE Vv. 


x/m. 


3°33 
6°28 
8°96 

“11 '69 
14°26 


indent. x/m. 
adsorbed. | 

4°06 x 107* 0°82 
7°52 _ so 
10°53 2°11 
13°54 2°7T 
16°25 3°25 

Taste VI. 


Tnitial conc. Equil. Amount jm, 
ee oe ap Ee adsorbed. La 
TGakIgt® -1  APERIOT® 2°97 x 1038 0:99 
G33. 7 984. SSD |g, 186 
ABTS os 14°76 ee cae "839. ; 2°80 
gogo. |, 198 tr 18 ene 
sash’ “EG tox re 13°66" sod. > 45s 


7—1427P—10 


‘wade out 


ih Poe 


ae os 


log C.” 


0°7340 
1°0795 
1°2880 
1°4257 
1°5363 


log C. 


0°4065 


0°7559 
0°9685 
1106 
1°2253 


log e 


0°6767_ 
0.9930 | 


25 C.c. of quinine solution treated with 3 g. of gel. 


a 1690 a, 


I “ago” 


1° 3966 


1 


log x/m. 
0°5224 
0 7980 
0°9523 
10679; . 
I'1542 


log x/m. 


—0°086a 
o'176r 
0°3243 
0°4330—} 
O°5119 


log x/m. 


27 0 0004 
0°2695 
“0°4472— 
O 5717 ' > ~ 
0'6580* 


” 


458 ' BL P, GYANI AND P. B. GANGULY 


Taste VI. 


a5 C.c. of cinchonidine solution treated with 3 g. of:gel. 


Initial conc. Equil. Amount — a/m. Jog C. log x]. 
conc. adsorbed. . 
8°52 » 1075 4°84 x 1075 3°68 x 1075 1°23 , 0°6848 00899 
17°04 9°85 7°19 2°42 0°99 34 0°3800 
2556 15°03 10°53 “ 3'5z 11769 0°5433 
34°08 20°54 13°54 : 4°51 I 3126 0'6542 
42°60 26°22 16°38 5°46 1°4186 © 7372 
Taste VIII. 
25 C.c. of brucine solution treated with 5 g. of gel. 
Initial conc. Equil. Amount afm. log C log «/m 
cone. adsorbed. , 
5°36 x 1075 0°57 x t076 4779x1078. 0°96 —0'2441 —o or77 
10°73 _ 1°32 9°41 1°88 0°1206 .0°2742 
16°09 2°30 “13°79 : 1296 0°3607 0 4404 
ar'46 3°23 18°23 3°65 0°5092 05623 
26°82 - 4°56 22°26 4°45 0°6590 06484 
Tapie IX. re 
; 25 C.c. of strychnine solution treated with 5 g. of gel, 
Initial conc. Rquil. Amonant fm log C. log aie 
2 conc adsorbed : 
6°00 x 1075 0'429 x 1078 5°57 x10°5 VI —0°3675 0 0453 
12°00 I'I44 10°86 2°17 0°0584 0°3365— 
18°00 2°002 16°00 | 3 20 O°3014 0°5031 
24°00 2°860 214 4°30 © 4564 0 6335 
30°00 3°718 26°28 5°26 © 5705 ( 7210 


4 


The adsorption isotherms are shown in Fig. 1. The amount of adsorp- 
tion has been reckoned in terms of g.mols of the alkaloid per. g. of the 
gel. The concentration values used in plotting the isotherms represent 
equilibrium concentrations. As will be seen from the figure, the plot of 
log x/m against-log C is generally a straight line. [he adsorption of the 
alkaloids thus follows the Freundlich adsorption equation, 
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An examination of the figure further shows that the adsorption isotherms 
for brucine and strychnine run patallel and close to one another. These 


0. ; Fic. i. 


Log x/m. 





ek ene fe ND a ee ee ee he 


Log C. 


‘two alkaloids are similar in coustitution and differ from one another in 
respect of two methoxy groups only. So far as this pair of alkaloids is 
concerned, it would appear that compounds similar in constitution have 
comparable adsorpticn. A parallelism between constitution and adsorption 
is also seen in the case of the cinchona ulkaluids. The adsorption isotherms 
of cinchonidine, quinidine and quinine form a cluster which are close to 
one another. The isotherms of quinidine and ciuchonidine are parallel to 
one another, the values for quinine lying practically intermediate between 
these isotherms. Bearing in mind the fact that the cinchona alkaloids are 
difficult to obtain in an absolutely pure state, the three adsorption isotherms 
may be considered and sufficiently ciose to one another to justify the con- 
clusion that compounds allied in constitution have similar adsorption. 


A comparison of the tables given above shows that brucine, strychnine 
and nicotine are adsorbed the most from solutions. It is interesting to 
note that in respect of physiological action, the above three are the most 
poisonous amongst all the alkaloids studied in these experiments. Morphine 
has shown a distinctly lower adsorption. Its pha1macopoeic dose is between 
6°39 mg. compared to 1°4 mg. for strychnine. Piperine which has no 
positive adsorption at all is uot ordinarily a poison. There is thus a definite 
indication that the alkaloids which act physiologically as poweiful poisons 
are very largely adsorbed. The point, however, shanld not be stretched 
too far for obvious reasons. 


a redtices the amount of adsorption by 30 to 50%. 


"Further experiments are in progress. - 
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Alkaloid 

Nicotine- 

Quinine 

Brucine 

Morphine 

Cinckonidine 
, Quinidine 


Strychnine 


B. P. GYANI AND P. 


~ 


Initial 
titre. 


237 


139 


10°4 
15°4 
167 
15'0 


84 


Final titre. 


30°. 


15'7 


g'r 
25 
8'0 
I0°4 


Io. 


1'9 


TABLE X. 


2 


35°. 
180 
10'S 

3°3 

gi 
10'9 
10°7 


24 


40°. 
Rae 


11° 
42 
Io 2 
116 
114 
3°0 


49 
Irr 
12°0 
32°0 


36 


B. GANGULY 


Pa nt 


x/m at 45°\ {2/m at 40° 
. \x«/m at 35°/ \x/m at 30° J" 


0°544 
0°618 
0°775 
0 683 
0 825 
0 659 
© 800 


. 


0°488 
0'542 
0°785 
0°703 
_0°809 
0°345 
0831 


The effect of temperature on the adsorption processes has also been 
studied. Experiments were performed at 30°, 


results are given in Table X. 


35°, 40°, and 45° and the 


The temperature coefficients are given in.the last two columns of the 
_ table. As will be seen from the values a ten degree 1ise- in temperature 
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STUDIES IN GLASS SYSTEMS: X-RAY ANALYSIS OF NaC DISSOLVED 
IN B,O,-GLASS.. 


By SupopH Kumar MayompaR AND’ RANENDRA MoHAN PAtrt. 


The lattice distance of sodium chloride dissolved in boric oxide glass has been measured by Debye-Scherer 


method, and is found to be'9’0884, which ia more than mee increase over the normal value. A*thebretical 
explanation of the increase is given. °. 


- 


The properties of polar crystals in the crystalline state, in aqueous solani and in the 

gaseous condition have been investigated by different workers of the Fajans school (Fajans, 
Z. physikal, Chem., 1934, B, 24, 103; Z. Elektrochem., 1928, 84, 503; Wulff and Heigl, Z. 
Kristallographie, 1931, 17, 85; Wulff-and Schaller, ibid., 1934, A, 87, 53). Wulff ‘and Majumdar 
(Z. physikal. Chem., 1936, B, 84, 319) studied the mole refraction of the system x Na,O, y B2Qs 
and found that Na,B,O, in solid solution in B,Os-glass is markedly deformed, the extent ‘of 
‘deformation produced being of a much greater mapnitude than in the corresponding aqueous 
solution, Zachariasen ( J. Amer, Chem. Soc., 1932, 84, 3841) also studied similar systenis and 
concluded that polar crystals in solid solution are present in the molecular as opposed to the 
ionic state in glass systems. Majumdar and Sarma (J. Indian Chem. Soc., 1942, 1%, 241) have 
studied the systems XCI~B,O, at different* ‘conceritrations and found that the deformation rule 
of Fajans holds good qualitatively in the case of solid solution of alkali halides in boric ‘oxide 
glass, with the difference that fhe extent of deformation with cations of small diameter is much 
greater in glass than in aqueous solution or in crystal. Biltz, Weibke and Schraeder (Triger, 
Z. anorg. und allg. Chem., 1937, 284, 253) on the’ other hand from a study of the data 
of previous workers, hold that the mole-refraction of simple glasses can be explained as equal to 
the sum of the refractions of the constituent oxides. Kordes (Z. anorg..und allg. Chem., 
1939, 244, 1, 418) on the other hand disputes this idea 

Biltz’s contention may be true in the case’ of pure glasses; Majumdar and Sarma (loc. cit.) 
have proved that in the case of ‘solid solutions of alkalichalides in glass such additivity does not 
hold good, except with cations of large ionic dianieter like Cs*, which is in complete harmony 
with the postulates of Fajans (Fajans and Joos, Z. Physik, 1924, 28, 1). It was therefore thought 


advisable to study the changes in the lattice distance of alkali salts, if any, caused by dissolving 
them in B,O,-glass. : 


Bx PERIMENTAL 


Preparation of the ouibies —Specially purified boric acid was dehydrated, first in a steam 
chamber for several hours in thin layers and finally in a’vacuum desiccator until a portion dissolved 
in absolute alcohol did not give coloration with anhydrous copper sulphate. It was mixed with 
dry and pure sodium chloride in varying proportions and heated in a platinum crucible to 
} go00°— 1000° in an electric furnace for several hours until a homogeneous melt was obtained, The 
crucible was chilled and the solid taken out. ae 

Analysis of the Samples.—A definite weight of the glass was taken in a weighed platinum 
crucible and treated repeatedly with a mixture of hydrofluoric and sulphuric acids and heated. 
The residue was weighed as sulphate. A second portion was dissolved in water and chlorine 
estimated volumetrically by a semi-micro method. Ini this way the stoichiometric ratio Na:Cl 
was determined. It was found that inspite of the precautions taken in the dehydration of the 
materials a certain amount of Na,B,O; had been formed. But a considerable amount of Watt 
cetunie? dissolved in B,Os. . ae Ss 
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X-Ray Analysis.—Powder photographs were taken of the samples by the Debye-Scherer 
method. The X-rays were produced by a demountable type of X-ray tube designed by Hadding. 
It consisted of a metal cylinder with a conical mouth. at one end; to this a metal cone provided 
with a water circulating cooling device was fitted by, means of Ramsay grease. This formed 
the anti-cathode. The cathode consisted of an aluminium disc with a concave surface from 
which the electron stream was focussed on the target below. A porcelain insulator insulated 
the high potential cathode from the metal parts. X-rays generated from the metal target left 
the tube through the openings covered with thin- aluminium foils of thickness o’oo15 cm, fixed 
against the window faces by means of grease and tightened with the help of washers fitted with 
‘screws. Pure electrolytic copper was used as the anti-cathode and copper K-radiations were used 
thtoughout,. Kay, Ka, and KB ‘being I "5378, 1541 and 1 "3808 respectively: Ko was taken as 
the mean of Ka, and Ka, and equal to x "5308. 

'_* The X-ray tube was evacuated to about 10~* to ro“ mm. pressure. ‘This was secured 
by a two stage mercury pump (Leybold) backed by a Cenco rotary oil pump. ‘The transformer, 
which was the source of high tension, was directly connected with the cathode without any 
rectifying device as the tube was self-rectifying. The tube was operated at 35-40 K.V. and 
5-6 milliampere current. The voltage applied to the primary of the transformer was regulated by 
“means of an auto-transformer. , , 

sek . “Ele X- -ray beam coming out was made parallel by causing it to pass it through a series 
of _ slits. The latter was held in proper position by means of brass rings attached to metal base 
provided | with Jevelling screws. 

uo, ., The film holder, which could. slide against a groove in the metal base perpendicular to 
it, consisted of a rectangular brass frame with a brass lid at the back. The front portion was 
screened ‘with a piece of black paper which could transmit X-rays. The plate holder could be 
fixed at any desired distance from the slit cap. 


Pure NaCl crystal Fic. 1 
Pare NogB,O7; 1010 crystal Fic. 2 
_NaCl (8 21%) dissolved in ByOs Fic. 3 
= — dissolved in BOs Hie. 4 : 





foto , . - ~ 
.. . + The solid specimen under examination was first carefully ground in an agate mottar. 
‘A piece of zigzag paper was gummed to the slit cap by secotine and the fine powder was rubbed 
i Aagairist the central part for exposure to the K-rays.. The optimum thickness of the film would 
- bejgiven. by the formula t=1/p, » is the mass absorption coefficient. By trial, however, the proper 
‘thickness was-secured. .The powdering-was- done in such a way that particles of the size 107 
to 107° em. diam. could be obtained. 


e 
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The films were exposed to the_ X-rays for 12 hours and then developed. Figures 1, 2; . 
3, 4 give respectively the résults of pure NaCl crystal, pure pa _10H,O crystals (without 
melting), and two samples of NaCl—B,O; glass. : 

B,Os-glass formed by. melting -and solidityiog pure boric acid did not give any lines 
testifying that it formed a true glass. Crystals of Na,B,O,;, ro BO on the other hand gave: lines 
as shown in Fig. 2. _ 


DISCUSSION. 


It was expected that absolutely anhydrous B,O, and NaCl would not react with each 
other evén at high temperature. Chemical analysis of the ‘solidified glass on the other hand 
indicated that a certain amount of borate had been formed although a considerable amount of, 
NaCl remained in solid solution i in B,Os-glass. The percentages of NaCl shown in Figs. 3 and 4, 
have been calculated after allowing for the borate formed. ; . 

It is well known that the spacing of a crystal in the powder photography method frst 
enunciated by Debye and Scherer (Physikal Z., 1916, 17, 277) and later ey Hull (Phys. Rev., 1917, 
10, 66x) may bé calculated from the following formula’ ’ 

4a sinters Pt ch. -*- EEG) 
where a, is the spacing of the plane (h, k, 1) from which cumulative reflection of X-rays takes 
place, 94 is the angle of the cone where the reflection is of the mth order and A is the wave-length 
of the X-ray employed.. ‘he semi-circumference of the camera employed was 12°9 cm., from 
which the radius works out to be 4°1092 cm. Hence if x be the distance of a pair of similar lines 
(actually the mean of the distances taken at each extremity of the lines), then 0, the angle of the 
cone subtended is given by 


= x 57°3 degrees. vo (ti) 


In the following tables x represents the distance in cm. between a pair of similar lines, 
Ww ands for weak lines, s for sharp lines, and v ae very. 


"TABLE Ia. 
" Analysis of photograph pare NaCl (Fig. 1). yee Fy as 
vee ee eas 675. 2 835 976.0 
Nature - w- _ 8 te -' By Ww -lyw ae 
Taste Is. , 


. Pure Na,B,O;, 10H,0 crystals (Fig. 2). - 


& + 1515 rg a48 | 92 344 78 Agr Ba 

Nature wi o.. ow w 8 w ob 8 8 LW 

x 5°64 6'08 - 6°72 "aa OS BBE 4 8°74 biz “> ~ o'4a : 

Nature w . 8 8 8 "we, Vwi oo Wv.W __V.VLW 
TaBLy Ic. 


NaCl (8'21%) dissolved in B,O, (Fig. 3). 


7 “ 1°515 1°87 2°28 2°51 2°755 328 3°446 3°685 ° . fO8BUTA AG 
Nature w vw 8 v.w 8 w v.W 8 V.8 8 
x - § 08 - .5 46 5952 6°48 6°91 713 76 


Nature 3 w 8 w v.W v.w v.V.W 


> 


i, . 4 : ie 
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Tasie Ip. . ; 
NaCl (7°98%) dissolved in B,O,-glass (Fig. 4). 
x 1515 1°84 228 a°5x 2°755 2906 3°28 3 446 3 685 
Nature w v.w. 8 vow. 8 8 wl v.w. 'g 
x qr 4°52 5/08 5°46 5°95 6 52 6°91 7°33 76 
Nature ¥.S 8 8 w § w vow. vV.W. V.V.W. 


‘It is clear from Tables Ic and Ip that the lines corresponding to Figs. 3 and 4 are almost 
identical. : 

For the purpose of calculation of the spacing the following trial method was adopted. ‘The 
distance, x .betwéen any pair of lines was measured and from equation (ii) the value of 6 
calculated. Sine of this angle was divided separately by yi, corresponding to (z,0,0) plane, 
72, corresponding to (1,1,0) plane, 3, corresponding to (1,1,1) plane, 4, corresponding to 
(2,0,0) plane and so on and the values tabulated. As is compatible with theory, constant values 
will be obtained for NaCl corresponding to sind : sind 

v4 VS | 
istaken. For NaCl, this constant works out for Kg (1°389 4) to be o'12645 and for K. (1'539 A) 
at o'140g. From (#) : 
- : oy pe a2) 
. aga eet het) A 
sin8 
_ A 

2. sin8 
. (REE REET) 
Hence ao for NaCl with Kg works out 


, and soon. ‘The mean of these values 








fot the first order of 1eflection 


~ wos 


ay 


1'389x 1078 
eer ee & 
. -8 “ 
and with K, Seer =5'465 4, the mean value being 5°479 A, [which 


is in fairly good agreement with the standard value 5°6284 (Bragg, Proc. Roy. Soc., 1913, 894, 
246). 

Considering the photographs in Figs. 3 and 4, we find in these some lines (e.g. x=1'515, 2°48, 
29, 3°44, etc.) due to sodium borate. Eliminating these by comparing Figs 3 & 4 with Fig. 2, 


we take the reflections corresponding to ae : a ; a ,and soon. These must have ori- 
12 ° 


ginated from NaCl dissolved in the glass due to reflections from the planes (2,0,0), (2,2,0), (2,2,2), 


sind 
etc. ‘The mean value of Vi + 4B) 


Hence ag for NaCl dissolved in the glass corresponding to Ka 


for Kg is found to be 0’0767 and that for K, 0'0044. 


= S30 e102 
2x0'0844 oe x 


and the value corresponding to Ks 


ae ; 
Serra =9'057 A, the mean value being 9'088 A. 


“ a 
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’ Phe calculations of the other sample corresponding -to Fig. 4 are not given in detail but. it 

gives rise to almost identical value of spacing. This increase of about 60% of the lattice distance 

‘of NaCl when dissolved in a glass is very interesting and may be discussed from the theoretical 
standpoint. - eas : : 

It is well kriown that NaCl crystal is regarded as a polar lattice, i.e. sodium and chlorine are 
present in the ionic condition in the lattice forming what is called a face-centred cubical lattice. 
Born and Lande (Verhandl. deuts. physikal. Gesellsch. 1918, 20, 210) were the first to postulate 
the lattice theory of polar crystals. They enunciated the existence of two types of forces, 
electrostatic due to the mutual attraction and repulsion - of the charges and a repulsive force 
between opposite charges operating within a very short distance. The potential energy of an 
isolated ion was calculated by considering the work that has to be expended in order to bring a 
similar ion from infinity to that point. These forces, electrostatic or otherwise, must be considered 
in three dimensions, along each of which there will be a divergent series involving a function 
of the spacing in the denominator, alternately positive and negative. By an ingenious method 
these authors have evaluated the series so that u may be represented by the formula , 


u=A.e.2/ag+B/at, 


where A is a numerical constaut called the Madelung constant and B, a second constant due 
to the repulsive force. The value of n for the repulsive forces worked out to be 9 according to 
Born but a much lower value of the order of 5 was obtained by other workers. 

The original theory of Born has undergone considerable modification. London (Naturwiss, 
1929, 17, 5x6), Lennard Jones and Tayior (Proc. Roy. Soc., 1925, 109, A, 476; Trans. Faraday 
Soc., 1937, 88, 8), Slater and Kirwood (Phys. Rev., 1924, 28, 488; Born and Mayer (Z. Physik, 
1932, 78, x), Pauling (Z. Krist., 1928, 67, 377) and others have introduced important modifica- 
tions to the simple theory of Born. For example in the original theory the effect of the Van 
der Waals forces was neglected. But quite satisfactory agreement between experimental value 
of lattice energy of alkali halides and that calculated on the basis of the Born-Haber cycle has 
been obtained in the case of alkali halides. And it was only in the case of the IJ-group metals 
that the inadequacy of the treatment was recognised. 

In their calculation of the potential of an isolated ion, Born and Lande have assumed the 
dielectric constant of the medium to be unity implying that there is no dielectric intervening 
the ions in the lattice. Ifon the other hand a dielectric medium intervenes, as in the present 
case, the potential of the ions will be altered as the electrostatic forces of attraction between 
oppositely charged ions will be diminished, the dielectric constant factor occurring in the 
denominator. For a Jattice of the NaCl type, the potential is given by 


o 
1°746'N, e* 
a9 


cS where N; = Avogadro No. and 1°746= Madelung const.= A. 


aking the dielectric constant into consideration, the modified formula for the potential will be 
u = A.e.*/D.ay + B/ag. 


The dielectric constant of BaQO 3-glass is known to be 3°5 (Thomas, J. Phys. Chem., 1931, 38, 
2109) and those of different borates lie between 6°44 and 7’50 (Landolt-Bérnstein Tabellen, i923, 
II, 1033). The effect of the dielectric on the repulsive forces, as well as on the Van der Waals 
forces will be comparatively small. The total effect of introducing an intervening medium of 
dielect®% constant higher than unity will be therefore to decrease the Coulomb forces of attraction. 
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The direct outcome of this will be that the-spacing will be increased, if the repulsive forces 
are not affected or at any rate not affected to the same extent as the electrostatic forces. ‘There are 
theoretical reasons to believe that these short distance forces will not be affected to the same extent , 
as the Coulomb forces by the new dielectric. If they were completely unaffected then the lattice 
distance would be increased much more than in the present case. But since the actual increase 
is about 66%, the repulsive forces must also be affected by the higher -dielectric constant to a 
certain extent. And this is also true of the Van der Waals forces probably to a much smaller 
extent.: Hence the deciding factor in the spacing of the lattice of a polar crystal dissolved in a 
medium is the dielectric constant of the medium. It would be interesting to compare the 
spaciiigs of the same crystal dissolved in media of different siclectsit constants, and experiments 
are in progress in this direction. 

It may be suggested that the shifted lines are due entirely- to different compounds. ‘That 
some compounds are actually formed is shown by the complexity of the lines (Figs. 3&4). As 
has been pointed out, lines due to Na,B,O,; are present both in Figs. 3 & 4, and these have been 
eliminated by comparison with Fig. 2. It is curious, however, that even after solidification of the 
fused mass, Na,B,O, should be present in the crystalline state in the solidified glass. ‘This may 
be compared to the well known phenomenon of devitrification of glass. There is no evidence 
that a complex compound of chlorine with borates is formed, and moreover the strongest evidence 
that NaCl is present in the crystalline state dissolved in glass is that sharp lines are obtained from 
certain planes from which sharp lines emerge from the pure crystal as well. 


Our thanks are due to Principal B..M. Sen, Principal, Presidency College, for material help 
in theoretical discussions and encouragement and to Prof. B. B. Ray, Khaira Professor of Physics, 
University of Calcutta for kindly permitting us to use his apparatus. 
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STUDIES IN DEHYDROGENATION. PART VII. 


By SurxsH CHANDRA SEN-GUPTA. 


The ayntheses ‘and selenium dehydrogenation of tetrahydronaphthalene-2 : ‘a-spirocyclohexane, zmethy 
and eieer? Maaco nent 23 a-spiro-cyclohexane have been described. 


- : 

“The results obiihied fy the selenium delirdesueiation of tetrahydronapthalene-spiro- 
cyclopentane. derivatives had been described in a former: cOmmunication in this series (J. Indian 
Chem. Soc., 1939, 16, 350). The author’s view explaining the ring transformation that takes 
place during dehydrogenation had also been advanced there. In the present communication the 
effect of selenium dehydrogenation on three tetrahydronaphthalene-spiro-cyclohexanes has been 
studied. T’he spiro-cyclohexanes synthesised for this purpose are 1: 2: 3: 4-tetrahydronaphthalene- 
2: 2-spiro-cyclohexane (I, R=H), 7-methyl-1: 2: 3: 4-tetrahydronaphthalene-2: 2-spiro-cyclo- 
hexane (I, R=Me) and 7-ethyl-1: 2: 3: 4-tetrahydronaphthalene-2: 2-spiro-cyclohexane (I, 
R=Et). ‘All the three spiro-cyclohexanes are found to undergo ring transformation, exactly 
as in the case-of the spiro-cyclopentane compounds (loc. cit.) during dehydrogenation with 
selenium with the formation of fully aromatic hydrocarbons. In all the cases studied here, it is 
found that along with ring transformation there occurrs a loss of one carbon atom puting 


dehydrogenation. 
aN 
ae “oy 


(11) - : 

"I: 223: sie eee es sapouycreeeans (I, R=H) gives on ied cous 
tion only phenanthrene and no anthracene or methylphenanthrene could be isolated from the 
dehydrogenation product. By an identical ring transformation and loss of one carbon atom, the 
spiro-cyclohexanes (I, R=Me) and (I, R=Et) afford 3-methylphenanthrene (II, R=Me) and 
3-ethylphenanthrene (II, R= Et) respectively and no exthracene derivative could be detected in 
the dehydrogenation products. 

This result is rather difficult to explain. From analogy’ with the cyclopentane series 
discussed in a previous paper (loc. cit.), the spiro-cyclohexane ring should be expected to ‘furnish 
by similar fission and recyclisation a methylphenanthrene ‘and a methylanthracene. It is quite 


OP" 0 OOD 


probable, however, that the cyclohexane rmg undergoes partial dehydrogenation, fission then takes 
place with the formation of an intermediate product which by eyshetion and Sea 
furnishes phenanthrene according to the following scheme : ee 
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| OY) 6 
4 TOI OF OOS OD) 
Ls vy Ny : We 
In the absence of a better explanation this view has been adopted by the author as 
providing a satisfactory explanation of the curious behaviour of the cyclohexane-spiro compounds 
on dehydrogenation. ° 
The spiro-hydrocarbon (I, R=H) has been synthesised in the following manner. The anby- 
dride of cyclohexane-1-carboxy-r1-acetic acid is condensed with benzene in presence of anhydrous 
aluminium chloride, with the formation of a keto-acid which might be either (III, R=H) or (IV, 
R=H). The same keto-acid is also obtained by the condensation of the acid chloride of methyl 
cyclohexane-1-carboxy-r-acetate (J. Chem. Soc., 1926, 2015) with benzene in presence of aluminium 
chloride. Reduction of this keto-acid by the Clemmensen method gives an acid which has been 
proved to be oa-cyclohexane-y-pheny! butyric acid (V, R= H), on the ground that the ethyl ester 
of this acid does not condense with ethyl oxalate in presence of potassium ethoxide. This acid 
(V, R=H) on cyclisation with 85% sulphuric acid gives the spiro-ketone (VI, R=H), which on 
reduction with amalgamated zinc and hydrochloric acid gives the spiro-hydrocarbon (I, R=H). 


CO,H CO.H R CO,H R CoO 
= ) "les oN CH, Vs ye | CCD 
Bs CO. Ree. cay 
co @ i OG CH, CH 
(II). (IV). (V). (VI). 
By an extension of this process the spiro-hydrocarbons (I, R=Me and R=Et) have 
also been synthesised. ‘The anhydride of cyclohexane-1-carboxy-t-acetic acid is condensed with 
toluene and ethylbenzene in presence of anhydrous aluminium chloride giving the keto-acids 
(III, R=Me) and (III, R=Et) respectively. These keto-acids on reduction by the Clemmensen 
method give oa-cyclohexane-y-(p-toly])-butyric acid (V, R=Me) and aa-cyclohexane-y-(p-toly]) 
phenyl butyric acid (V, R=Et) respectively. The position of the cyclohexane ring in the two | 
y-arylbutyric acids has been proved from the observation that the ethy] esters of these two acids do 
not condense with ethyl oxalate in presence of potassium ethoxide. ‘These two y-arylbutyric acids 
on cyclisation with 85% sulphuric acid give the two spiro-ketones (VI, R=Me) and (VI, 
R=EFt). On reduction by the Clemmensen method these spiro-ketones give 7-methyl- 
1:,2:3 : 4-tetrahydronaphthalene-2:2-spiro-cyclohexane (I, R=Me) and 7-ethyl-1: 2:3: 4- 
tetrahydronaphthalene-2: 2-spiro-cyclohexane (I, R= Et). 


EXPERIMENTAL. 


aa-cycloH exane-B-benzoylpropionic Acid (III, R=H).—(a) Aluminium chloride (25 g.) 
was slowly added to an ice-cooled solution of the anhydride of cyclohexane-1-carboxy-1-acetic 
acid (34 g.) in dry benzene (100 c.c.). The mixture was allowed to stand at the room temperature 
for 12 hours after which it was heated at 60-65° for 3 hours and decomposed with ice and hydroa 
chloric acid. Excess of benzene was removed in steam and the thick oily product was dissolved in 
dilute sodium carbonate solution, filtered and acidified with hydrochloric acid when the keto-acid 
separated as a thick oil which slowly became semi-solid. The mass was dissolved in hot glacial 
acetic acid from which the keto-acid slowly crystallised in colourless plates. On recrystallisation 
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it had m. p. 117-18°, yield 12g. (Found: C, 73°2; H, 74. CisHisOs requires C, 73°2; 
H, 7°3 per cent). . 

The semtcarbazone, prepared in methyl alcoholic solution, crystallised. from dilute alcohol 
in needles, m.p. 132-33°. (Found: C, 632; H, 770. CisHsOsN; requires C, 63°43 H 
69 per cent). - : 


3 


(b) The acid chloride prepared from 20g smethyl cyclohexane-1-carboxy-1-acerate 
was mixed with dry benzene (50 c.c.) cooled in ice and aluminium chloride (26 g.} was added 
to it. The mixture was allowed to stand at the room temperature for 12 hours and was then 
treated with ice. Excess of benzene was distilled in steam, the residual oi] was extracted with 
ether, washed with dilute sodium carbonate solution, dried with sodium sulphate and ether 
removed. The keto-ester ‘8.1 g.) distilled at 165-70°/3 wm. asa thick oil, which readily solidified 
on cooling. It was crystallised from petroleum ether (b p. 40-60°) as white needles, m.p. 65-66°. 
(Found: C, 73°5; H, 7°9. CisHa.Os requires C,73°8; H, 77 per cent). It was hydrolysed with 
alcoholic potash and the resulting keto-acid was crystallised from acetic acid as plates, m.p. 117-18°. 

aa-cycloH exane-y-phenylbufyric Acid (V, R=H).—aa-Cyclohexane-8-benzoyi-propionic 
acid (8 g.), amalgamated zinc (50 g.} and concentrated hydrochloric acid (so c.c.! were boiled 
for 24 hours. The reduced product was extracted with ether, ether removed and the residue was 
dissolved in sodium carbonate solution. The filtered solution was acidified with hydrochleric acid 
and the separated solid acid collected, dried and crystallised from petroleuin ether (b.p. 40-60%) in 
flakes, m.p. 93°, yield 5 g. (Found: C, 77°4; H, 8°6. C,;Ha,O, requires C, 77°6; H, 86 per cent). 

The anilide was crystallised from alcohol in needles, m.p. 130-31°. (Found: C, 82'2; 
H, 8'x. Cz,H3,ON requires C, 82°1; H, 8°x per cent). 


The ethyl ester was prepared by the action of ethyl alcoholic hydrogen chirtide. Itisa 
thiu colourless oil, b.p. rx1-12°/5 mm. (Found: C, 78°3; H, 9°3.CizHgOs requires C, 78°5; 
H, 9°2 per cent). . 


1-Keto-1: 2: 3: 4-tetrahydronaphthalene-2: 2-spiro-cyclohexane (VI, R=H).—aa cyclo- 
Hexane-y-phenylbutyric acid (6.5 g.), concentrated sulphuric acid (r9°5c.c.) and water (6’5 c.c.) 
weie heated on a steam-bath for 14 hours with stirring. The mixture was poured into ice, 
extracted with ether; the ether extract washed with dilute ammonia and water, dried with sodium 
sulphate and distilled. It is a colourless oil possessing a characteristic odour, b.p. 145°/3mm, 
yield 3°7g,4,°°, 107224; mn’, 1 56435 3 [Re ]»=64'9. (Found: C, 83°99; H,8'5. CisHi.0 
requires C, 84°r ; H, 84 per cent). ° : 
The semicarbazone crystallised from dilute alcohol .in-needles, m.p. 187-188°. (Found. 
C, 70°7; H, 79. CyeH4,0 Ny requires C, 70°8 ; H, 7°7 per cent). 


I:2:-3: 4-Tetrahydronaphthalene-2 : a-spiro-cyclohexane (I, R=H).—The foregoing 
spiro-ketone (3°7 g.) was boiled with hydrochloric acid (20 c.c.) and amalgamated zinc (20 g.) 
for 24 hours. ‘The product was extracted with ether, the ether extract washed, dried and distilled. 
It is a colourless liquid, b.p. 115-17°/3 mm., yield 2°5g. d,°°"*, 098886 ; 3°, 1°54314, [Ri]p 
= 63°76 (Calc., 63°47). (Found : C, 898; H, 10°3. C.sHay requires C, 900 ; H, 10’0 per cent). 


Selenium dehydrogenation of the spiro hydrocarbon {I, R=H).—The spiro-hydrocarbon 

(2°3 g.) was heated with powdered selenium in a metal-buth at 280-300° for 6 hours and at 340-50° 

for 24 hours. The product was thoroughly extracted with ether, solvent distilled off and the 

residual oil was distilled over sodium under reduced pressure. The liquid distillate was warmed 

* with picric acid in alcoholic solution and the separated picrate after two crystallisations from 

alcohol was obtained as yellow needles, m.p. 144° and the mixed, m.p, with the picrate of an 
g—~-1427P— 1] 
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authentic sample of phenanthrene was 144°. The hydrocarbon, regenarated from this picrate 
by distribution between dilute ammonium hydroxide and ether, crystallised from alcohol in 
flakes m.p. 99°. The mixed m.p. with an authentic sample of phenanthrene was not depressed, 
(Found : C, 94°43; H, 56. Cy.Hy, requires C, 04°5 ; H, 5°5 per cent). 


a a-cycloHexane-B-(p-toluoyl) propionic Acid (III], R=Me).—(a) It was prepared from 
toluene (7u ¢.c.), anhydride of cyclohexane-1-carboxy-r1-acetic acid (25 g.) and aluminium chloride 
(40 g ), according to the method followed in the preparation of aa-cyclohexane-8 benzoylpropio- 
nic acid. It was crystallised from petro! (b.p. g0-r00°) as cofourless long prisms, m p. 129-30", 
yield 27 g. (Found: C, 73°8; H, 7°7. CisH0O, requires C, 73°8 ; H, 7°7 per cent). 

The semicarbazone crystallised from dilute alcohol in flakes, m.p. 166°. (Found: C. 64'2; 
H; 7°3. CiyHy,0O;Ns requires C, 64°3; H, 7°3 per cent). 

(b) The acid chloride prepared from 15 g. of methy] cyclohexane-1-cai boxy-1-acetate 
and dry toluene (50 c.c ) was treated with aluminium chloride (20g.). The product, a keto-ester, 
was worked in the usual manner and distilled as a pale yellow liquid at 180:82°/5 mm. 
It solidified on stirring with petroleum ether (b.p. 40-50°). It crystallised from petrol 
(bp. 40-60°) in stout needles, mp. 65-6° (Found: C, 74'°5; H, 8'r CizHeaOs requires 
C,"74'4;' H, 80 per cent) This keto ester on hydrolysis with alcoholic potash 


’ gave a-keto acid, m.p. 129-30°, and the mixed mp. with a sample prepared by method (a) 
remained unaltered. - 


aa-cycloHexane-y-p-tolyl-butyric Acid (V, R=Me),—The preceding keto-acid (22 g.) was 
gently- boiled with amalgamated zinc (110 g.) and hydrochloric acid (110 c.c.) for 24 hours. The 
product was purified as in the case of the acid (V, R=H)_ It crystatlised from petroleum ether 
(b.p.° 40-60°) in needles, m.p. 9y-r00°, yield 14°5 g. (Found: C, 780; BH, 8'9e CirHaOs 
requires C. 78°1 ; H, 8'9 per cent). 

The p-toluidide crystallised from dilute alcohol in needles, m.p. 128-129°. (Found: C, 
82°5; H, 8°8. CysHa,ON requires C, 82°4 ; H, 8°7 per cent). 


The ethyl ester was prepared by the action of ethyl alcoholic hydrogen chloride. It is a 
thin’ colourless oil, b.p. 115-16°/6 mm. (Found: C, 78°7; H,9°6. CisHaOz2 requires C, 78°9 ; 
H; 9°5 per cent). 


1-Keto-7-methyl-1 : 2: 3:4-tetrahydronaphthalene-2 : 2-spiro-cyclohexane (VI, R=Me) — 
a a-cycloHexane-¥-(p-tolyl) butyric acid (10 g.) was cyclised by heating with concentrated sul- 
phuric acid (30 c.c.) and water (ro c.c.) at 100°. It is a colourless oil, b.p. 158-60°/4 mm, 
yield 6'8 g. (Found : C, 84'r ; H, 3°9. CisH2,O requires C, 84°2; H, 8°8 per cent). 
; The oxime was prepared by heating the spiro-keto compound with hydroxylamine hydro- 
chloride in pyridine solution. It was crystallised from dilute alcohol in needles, m-p. 139-40°. 
(Found : C, 79°; H, 8°6. CisHaiON requires C, 79'0 ; H, 8°6 per cent). 

7-Methyl-t : 2: 3: 4-tetrahydronaphthalenc-2 : 2-spiro-cyclohexane (I, R = Me).—The 
foregoing spiro-ketone (5°6 g.) was reduced by heating with amalgamated zirc (30 g.) and con- 
céntrated hydrochloric acid (30 ¢.¢.) for r8 hours. It is a thin oil, bp 155-156°/8mm, yield 
44g. (Found: C, 894; H, 104. C..Hy requires C, 89°7 ; H, 10°3 per cent). : 

Selenium Dehydrogenation of 7-Methyl-1: 2:3: 4-tetrahyd1onaphthalene-2 : 2 spiro- 
_ cyclohexane.—3'5G. of the spiro-hydrocarbon was heated with selenium (6g.) in a metal-bath 
at 280-300° for 8 hours and at 340-355° for 30 hours. ‘The product was extracted with ether and 
distilled over sodium under reduced preasure when 12 g. of a yellow liquid diitillate was obtained. 
This was treated with alcoholic solution of picric acid and on crystallisation from alcohol the 
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picrate was obtained as bright yellow needles, m p. 133-34°. The hydrocarbon was- regenerated 
from the picrate by distribution between ammonium hydroxide and ether. The ether-solution 
on evaporation gave the solid hydrocarbon, which on crystallisation from methyl alcohol ‘ melted 
at 62°. The picrate, prepared from this hydrocarbon crystallised from alcohol in bright yellow 
needles, m.p. 137-138°. The mixed m.p. of this hydrocarbon with a sample of 3-methyiphenan- 
threne, prepared by Haworth’s method, was 62°. The mixed m.p. of its picrate with that of 
3-methylphenanthrene showed no depression of n.p. 


‘aa-cycloH exane-B-(p-ethyl)-benzoyl propionic Acid (111, R=Et).—(a) It was piepared 
from the anhydride of cyclohexane-1-carboxy-1-acetic acid (16°8 g.), ethylbenzene (12 g.), alu- 
minum chloride (26 g.), in carbon disulphide solution (75 c.c.) according to the procedure 
followed in the case of ao-cyclohexane-8-(p-toluoyl) propionic acid. It was crystallised from 
petrol {b.p. 70-80°) in beautiful flakes, m.p. 117-18°, yield 17°5 g. (Found: C, 74°2; H, 8'r. 
C,,H.3,0; requires C, 74°4 ; H, 8'o per cent). 


The semicarbazone crystallised from dilute alcohol in needles, m.p. 144°. (Found : C, 65°3 : 
H, 776. CisHasQOsN; requires C, 65°3; H, 7°5 per cent). 


(b) The acid chloride prepared from 20 g. of methyl cyclohexane-r-carboxy-1-ace- 
tate and 12 g. of ethylbenzene in 75 c.c. carbon disulphide were treated with 
anhydrous aluminium chloride (26 g.) in cold. The product, a “keto-ester, was 
worked in jhe usual manner and was distilled as a thick oil at 202-203°/7 imum, 
yield 15°5 g. (Found: C, 74°8; H,8'3. CysH3,Os requires C, 75°0 ; H, 83 percent). The 
keto ester was hydrolysed with alcoholic potash and the keto-acid, so obtained, was crystallised 


from petrol (b.p. 70-80°) and had m.p. and mixed m.p. with a sample of the keto-acid prepared 
by method (a), 117-18”. 


a a-cycloH exane-y-( p-ethyl )-phenylbutyric Acid (V, R=Et).—The foregoing keto-acid 
(185 g.) was reduced by heating with amalgamated zinc (100 g.) and concentrated hydrochloric 
acid (x00 c.c.) for 24 hours. The reduced acid was purified by extraction with sodium carbonate 
and then by distillation at 220-25°/9 mm. ‘The solid distillate was crystallised from petrol 
(b.p. 70-80°) in prisms,"m.p. 57'88°, yield 13°2 g. (Found : C, 78°5 ; H,9'2. CyyHasO3 requires 
C, 78'5 ; H, 9’2 per cent). 


The ethyl ester was prepared by the action of ethyl alcoholic hydrogen chloride. It is a 
thin colourless oi], b.p. 1o4-105°/6 mm, yield 12°8g. (Iound: C, 79.0; H,9°7. CyHa302 
requires C, 79'1 ; H, 9°7 per cent). 


_ i-Keto-7-ethyl-1: 2: 3: 4-letrahydronaphthalene-2 : a-sptro-cyclohexane (VI, R=Et).— 
a a-cycloHexane- Y-(p-ethyl) phenylbutyric acid (r11g:) was cyclised with concentrated sulphuric 
acid (33 c.c.) and water (x11 ¢.c.) at 100°. The product was a thick colourless liquid, b.p. 
195-97°/9 mm, yield 7°58. d,**, 1'0450; mp, 1°5536, [Ru J>=74'0 (Calc., 72°7). (Found : C, 
840; H,9°2. CirHasO requires C, 84°3 ; H, 9'2 per cent). 


~ 


The semicarbazone crystallised from dilute alcohol in needles, m.p. 203-204°. (Found : 
C, 72°3; H, 85. CisHa,ONs requires C, 72°2 ; H, 8°4 per cent). 


7-Ethyl-1 : 2: 3: 4-tetrahydronaphthalene - 2: 2-spiro-cyclohexane (1, R= Et ).->The 
foregoing spiro ketone (6g.) was reduced by the Clemmensen method with amalgamated zinc 
(30 g.) and concentrated hydrochloric acid (30 c.c.). The product was purified by distillation : 
over sodium and was a colourless liquid, b.p. 168-69°/8 mm. yield 4°8 g. d,"* , 0'972787, 
mv, 1°538808, [Ru ]>=73°4, (Calc., 72°7). (Found. C, 89°3; H, 104. CisHay requires C, 
89'5 ; H, 10's percent). 


AY, 8. C. SEN-GUP'TA 


Selenium Dehydrogenation of 7-Lthyl-1: 2: 3. 4-tetrahydronaphthalene-2 : 2-sptro- 
cyclohexane.—The spiro-bydrocarbon (3 g.) was heated with selenium (4 g.) in a metal-bath at 
300-320° for 6 hours and at 340-350° for 24 hours. The product was thoroughly extracted: with 
ether and distilled over scdium. A liquid distillate (o’9 g.) at 165-175°/5 mimi. was obtained 
It was treated with picric acid in alcoholic solution and the separated piciate after ciystallisation 
from alcohol was obtained as orange needles, m.p. 117-18°. The mixed m.p with an authentic 
sample of picrate of 3-ethylpenanthrene, prepared from 3-phenathroyl methyl ketcne (Haworth and 
Mavin, J. Chem. Soc., 1933, 1012), was 117-18°. (Found:,C, 607; H, 4’o. CyoH707Na 
requires C, 60°7; H, 3°9 per cent). The picrate was decomposed with amronia and the re- 
generated hydrocarbon after distillation over sodium was obtained as colourless oi], which did nct 
solidify. (Found: C, 93'0; H,6'8. C,H, requires C, 93°2 ; H. 6°8 per cent)- 


In conclusion, the author desires to express his grateful _ thanks to Dr. J. C. Rardhan for 
his encouragement during the progress in this series of investigations and to Dr. M. Q. Khuda 
for the kind facilities that he granted foi carrying out the researches at the Presidency College 
Chemical laboratory, Calcutta. ; 
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ELECTROLYSIS OF MANGANOUS SULPHATE ‘AND SULPHURIC ACID. 


By DusHyant N ARASINGASA SOLANKI AND WM. "PRABHANJANMURTY, 


Results are given i’ dedetatied tuvestigation on the electrolysis: of manganous . sulotinte: in the presence of , 
sulphuric acid. Optimum conditions have been worked out’ for the abodic oxidation of mangatous eulphate. 
The role of the varions electrochemical factors, su¢h as the relative proportions’ of manganous sulphate and 
sulphuric acid, the temperature, the inter-electrode distance, the current-densify at the anode and at the cathode, 
the current concentration, the duration of electrolysis, the ~anode, materig],. the supérposition of "A.C. on DC, 
agitation of the bath by steam, and of some eighteen catalysts, has*been investigated. , Cerric sulphate, -potassinum 
iodate,-cobaltous sulphate, ‘lead ‘acetate, hydrofluoric, acid improved. considerably ‘the current efficiency for the 
anodic oxidation. The probable role of: these catalysts is. discussed ‘A mechanism of the anodic oxidation, of 
manganots sulphate in sulphuricacid i is indicated’ : : ee 


" Oxidation of manganous salts to permangariic ‘acid, both chemically and electrolytically, 
seems to have been the subject of much extensive investigation=(cf.-Mellor, ‘‘ A Comprehensive 
Treatise on Inorganic and Theoretical Chemistry,” Longmanns Green and Co., London, 1932, 
Vol. XU, Part I, pp. 293, 431). The technical method for the regeneration of chromic acid in 
the. electrolysis of chromium sulphate and sulphuric acid (cf. Askerlasy and Revai, Z. Elektro- 
chem., 1913, 19, 344) stizgests the possibility of a-similar method for permanganic’ acid’. 
Electrolysis of manganous sulphate in the’presence of sulphuric acid yields different -oxidatiot 
products of manganese depending mainly upon the-concentration of ‘manganous'‘sulpHate,’ the 
temperature, and the concentration of the-acid employed. ‘Much uncertainty, however, exists, 
in the literature regarding the precise nature of the oxidation products obtained-electrolytically 
(cf. Meyer, ibid., 1916, 22, 201). A detailed study has, therefore, been madé of the electrolysis 
of manganous sulphate and sulphuric acid under varied conditions (vide infra) with a view 'to 
defining a set of conditions for the optimal yields of oxidation products. . 


EXPERIMENTAL. 


In all the experiments reported, manganous sulphate used was prepared from the cheap 
Indian material pyrolusite by its 1eduction with carbon and subsequent treatment with sulphuric 
acid under the optimum conditions, worked out by H. K. Joshi in these laboratories. The 
electrolysis was carried out in a cylindrical glass vessel of about 300c.c. capacity, kept immersed in 
a water thermostat and maintained at the desired temperature The electrodes used were of smooth 
platinum except in experiments reported in Table IX, showing the influence of anode materi. 
The electrodes were disposed horizontally ; the anode was kept at the bottom of the bath and 
cathode just in flush with the upper surface.. Experienence had shown the magked convenience of 
thisarrangement in facilitating free escape of hydrogen and thus minimising the cathodic reduction. 
The circuit included a precision ammeter, electrolytic cell and suitable resistances in series 
and a voltmeter connected across the terminals of the electrolytic cell. ‘The current used 
for the electrolysis was taken from a~+22c D.C. main and was regulated by resistance bulbs 
and rheostats. ‘To ascertain the optimum conditions for the oxidation, the influence of the 
following factors was studied over ranges as indicated below :-— 


Optimum conditions, 
(1) Conc. of HySO, (30-90%) Jet sb 60% 
(14) Cone. of MnSO, (1°5-9%) at oe 75% 
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6" 

55cm 

300 amp/dm?. 
270 amp /dm!? 


iy Temperature .15°-80°) 

(iv) Inter-electrode distance (2-9 cm } 
iv) Anodic C.D. ‘100-480 amp /dm?) 
(vi) Cathodic CD (52-750 amp /dm?) 


(vit) Current conc. (0’0105-0 025) o‘oIg amp /cc. 


Under the optimum conditions, a study was also made of the influence of the duration of 
electrolysis, nature of the anode material, superposition of A.C. on D.C., of passing steam 
through the electrolyte during electrolysis and of the addition of a number of catalysts. 

: Method of Estimation of the Oxidation Pioducts and Calculation of Current Efficiency. —A 
definite volume (5 c.c.) of the electrolysed solution (160 c.c.) was taken and to it was added 
a known excess (10 c.c.) of standard solution of (N/10) oxalic acid. The solution was then 
heated to about 70° and the excess of oxalic acid was back-titrated against standardised solution 
of N/100-KMnQ,. From ‘this, the active éxygen content in 5c.c. and therefore, in the 
total volume (160 c.c.) was computed. 

The current efficiency in any experiment was calculated on the basis that x faraday (i.e., 
26°86 amp-hours of electricity) yields 8 g. of active oxygen. 


Tasiy I. 
Influence of sulphuric acid conc. 


Electrolyte= 160 c.c. MnSO,=7'5 g. in 100 c.c. 


Taste II. 
Influence of manganous sulphate conc. ; 


Conc. of H,SO,=60 g. in 100 ¢c.c. soln. 


soln. Current=3 amp. Anodic C.D.=300 Other conditions same as in Table I. 
2 : f 3 
amp. /ém : Cathodic C.D. 479 amp./dm?. sb: Aatreeaaee eat 
Duration=20 min. Temp =60°. Inter-elec- intooce  i25¢¢ soln active oxygen Current 
trade dist ast P.D.=6 volts ae . (o°o1N in 169 cc. efficiency. 
e ance=5 5 cm. -U.=0 VOLS. . KMn0,) soln. 

& C.c. of the electrolysed solution taken for 

. : sg 13 ¢.c. 0°033g. - 11°2% 
estimation. 
Sulphuric Active oxygen Total active 3:2 337 pend 28'2 

acid in in 5 cc. soln oxygen Current i ‘ 

100 C.c. (o’oIN in 160 c.c. efficiency 45 453 one 390 
soln. KMn0Q,). soln bo 63°5 0°163 54'8 
jo g. I2’2cc. 0 031 g. 10 5% 75 89 0°205 69°0 
45 59 O Is! 51'0 
60 80 0205 69'0 990 81 0°207 69'9 
75 ” 35 0'089 300 
90 Manganous sulphate precipitates 

Tase III. TABLE IV. 


Vantatton of inter-electrode distance. 


Conc. of H,SO,=60 g in roo c.c. soln. 
Other conditions same as in Table I. 


Effect of temperature. 


Conc. of H.SO,=60 g. in 100 c.c. soln. 
Other conditions same as in Table I. 


Active oxygen Total active Inter- Active oxygen Total active 
in 5 c.c. soln oxygen in Current électrode in 5 c.c. soln. oxygen in Cument 
Temp. oe On. ee efficiency. distance. Kin0,) oe efficiency 

15° §8 C.c. o 148 g. 500% 2cm. 69'6 cc 0'178 g. 60 0% 
30 64 0°163 55°2 4 76°5 0°197 660 
50 69°6 0°178 60°0 5'5 80 © 205 69'0 
60 80 0 205 69°0 8 80 0°205 69'0 
7° 64°9 0° 166 56°0 9 80 0°205 69°0 
80 60°3 O'154 52°0 
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Taste V. ' Tans VI. 
Effect of current density. Variation of cathodic current density. 
Conc. of H,SO,=60 g. in 100 c.c. soln. Conc. of H,SO,=60 g. in 100 c.c. soln. 
Other conditions same as in Table I. Other conditions same as in Table I. 
i . = = qd ~~ ‘ 
Ra Ga gad L A 4 7, a . Aa o ad . 
Og On 383 Bee 36 Soe CF FRE Soe #8 
Current. - Time. 25 9x 3 oh BES 3 as 8 a= ouM bd = 
. Sa oa Yon Bes ‘cS D ee oO, Lup “a pd 5 
EH He on oo Og BCS 88 E02 88. oc 
92 eee 2 Lee 3 o* ga¢ Fs 
tramps 60min. 100 gl 77 o'197 g. 66°4% 24x24cm? 52 s6cc o'143 g. 48°3% 
a 39 200 18 = 779: :O'199, 67°2 (1g x13 15475 0°193 64°7 
3 20 300 270 799 0°205 68°9 VIXT 270 80 0/205 69‘9 
4 15 400 360 73. +0187 63°'0 08 x05 750 779 0" 199 67'0 
45 134 450 495 60°3 0'154 = 520 
48 rat 480 432 59% O15T 51I'O 
Tasty VII. Tasie VIII. 
Effect of current concentration. Effect of the duration of electrolysis. 
Conc. of H,SO,=60 g. in 100 ¢.c. soln. ‘Conc. of H,SO,=60 g. in 100 c.c. soln. 
Other conditions same as in Table I. Other conditions same as in Table I. 
: Active oxygen Total 
Vol. of Current conc. Active oxygen. Total active Current ingcc. soln. active Current 
electrolte amp./ec. in5c.c.soln. oxygenin efficiency. Time. (o’orN- oxygen _ efficiency. 
jo’oN-KMnQ,y) the soln, KMnO,) in 160c¢ 
soln, 
120 ¢¢. 0025 6771 CC. o'I7I g. 57°9% Smin. 32¢.c. 0°074 g. 100% 
160 o'org 80 0°205 69'0 Io 49 0°15 84'5 
200 0 O10 713 0° 183 61°5 20 80 0°205 690 
60 208° 0°535 690 
go Manganese dioxide precipitates. 
Taste IX. : TABLE X. 
Variation of anode material. Influence of 8uperposition of A C. on D.C. 
Conc: of H,SO,=60 g. in 100 ¢.c. soin. Conc. of H,;SO,=60 g. in 100 c.c. soln. 
Other conditions same as in Tabie I. Other conditions same as in Table I. 
Boo : 
; . geo Sed 
Active oxgen Total active Current ees 8a 3  Cnrrent 
Ancde material. ingc.c soln oxygen in .eiseney Conditions of the SoM SBu cfhiciency. 
to"orN-KMnQ,}. 160¢ ¢. soln “7° . experiments $¢2 gee : 
5 ao g& cs 
a3 
- Smooth platinum 79'9eCC 0°205 g 68°9% 
- Without superposi- 
Platinised platinum 58°6 0°149 50°5 tion of A-C.on D.C. 80c.¢. o'205g 69°0% 
Lead 87 0°223 750 . With A.C. superpos- gov4 0'232 780 
ed on D.C, : 
Graphite No oxidation of MnSO, , Disintegraticn : 


of the electrode. 
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TABLE XI. 
Effect of passing steam during the electrotysts. 


Cone. of H,SO,=65'55 g. in 100 c.c. soln. Other conditions same as in Table I. 


a 


eh 


” Active oxygen 


Conditions of Final volume : 2 Total active oxygen Current 
the experiment. ° of the solp ren N-EMnO,. * in the soln : efficiency. 
Without passing steam - oec Bocce _. . | OLpsg. 69 0% 
uM ne: r % - 
With passing steam 178 52 : 0 149 500 
ae " Tasig XII. 


‘ Effect of addition agents. 


Cone of H.SO,=60 g. 1n 100 c.c. soln. _Amount of the addition agent==1 g. for c.c.) in 
“roo c.c. soin. Other conditions same as in Table I. - 


go s, M2 82) ze og - He obo 2g 
ee ag Sof 283g Ef 38 ag fel Biegd i% 
3° OP ee ee OS. Re er gee 2a O§ 
<r" 9 é . <= 0 a 
K,Cr0, 7 927CC 0'237g 8n70%, Ti(SO4's 7 806c.c. ob g. 695% 
: KCIG, ° 78) 93°2 0° 238 ‘ 80 5 Vo,(NO3)3° ; 7-8°> 83 “o'ar2 707 
Ag SO, . 6-7 83 > 0212 716 NaWO, - 78 82°34 sunk 710 
CoSO4, 750 7 955 0 244 82°4 HE - 78 84°6 0217 430 
HyPQ, 67 992-0203, 69.3, Ne, = 7) 823 ax 
KyS,0s . 7 769 0°197 664 we KF 78 83°5 O'214 72°70 | 
KL 7 73% 01189 63°92 IC 75 60's 155 ga’ 
T1,(SO4)3 7 79 0°177 62°0 | KIO, 78 0477 0248  83°6 
Ce(SO,4)5 , 6-5 8 o'asr . 845 Pb(CH,COO)s, 3H,0 7-8 85 ; 0°218 7°3' 


af 
~» Results showing the influence on current efficiency of varying proportions of sulphuric 
acid and of manganous sulphate in the mixture, and of temperature are shown graphically in 
Fig. r. Fig. 2 shows similarly the influence of the .duration of electrolysis and of anodic and 
cathodic. current density on the current efficiency. 


ae ff aS He = DiscuUSSION, 0%" 7. Ho 
pote TP a ‘ 

“The fdregoibg 1esuilts indicate that the anodic oxidation of manganous sulphate in 
presence of: sulphuric acid is dependent upon a large number of parameters such’as the electro- 
lyde. concenti ation, the current density at the'anode and cathode, tthe temperature, the electrode 
material, etc.’ This ‘is conveniently expressed in 1espect of the'current efficiency which is 100% 
under ideal conditions. Any discrepancy in this might -be ascribed to the ‘possible disturbing 
factors: (i) chemical or electrochemical. decomposition’ of the resulting product “or ‘products, 
(fi) occurrence: of “side reactrons such'as oxygen.evolution-at the anode, i.e., other:than the main 
‘one for which current efficiency ;is -caleulgted, or. (iii) solvational effects leading partly to, the 
formation of molecular or ionic complexed in the conducting mixtures. ~ 

* When’ 60% sulphuric acid containing 7/5%-manganous sulphate,are electrolysed between 
the two platinum electrodes, pink colour develops at the anode instantaneously, i.e., the moment 
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the current is switched on (cf. our results). ‘The colour deepens to dark or brown-red and 
deep violet on prolongation of the electrolysis due to the formation of manganic sulphate, - 
manganese disulphate and probably traces of permanganic acid. Much uncertainty exists in 
the literature regarding the precise nature of the oxidation products obtained electrolytically.. 
The considerations of the earlier workers show that the products of the anodic oxidation of 
manganous sulphate and sulphuric acid vary under differing conditions. A very low concentra- 
tion of manganous sulphate aud low temperatures are favourable for the formation of perman- 
ganic acid (cf. Sem, Z. Kjektrochem., 1915, 21, 426; Ruscon, Arch. Farm. Sper. 
Sci. aff, 1919, 27, 94; Campbell, Trans. Faraday Soc., 1926, 22, 06); with higher 
concentrations of manganous sulphate and sulphuric acid manganic sulphate and manganic 
disulphate are probably formed (cf. Elbs, Z. Electrochem., 1900, 7, 260; Goerbig, ‘‘ Beitrage zur 
Kenntnis der Sulphate und Nitrate des 3-bzw. 4-wirtigen Mangans,’’ Hallie a.S., 1ror1)]. Meyer 
(loc. cit.) criticises several of the statements of Sem. He points out that manganic salts exist 
in solutions of various colours including violet, brown-red, dark green and ojive-green and not 
only in the tirst two as stated by Sem. He further adds that the whole of the variously coloured 
solutions have practically identical absorption spectra. Consequently, he says, that Sem is not 
justified in subdividing manganic salts into two classes from the difference of colour. The 
oxidation of manganous sulphate, under the operative conditions, to manganic sulphate and 
manganic disulphate might possibly be represented as = 


Mn*++ @—> Mn*** wae (a) 
Mn*++ 2 @®—>Mn***tt . v -(b) 


in concentrated solutions. 


The presence of sulphuric acid plays a very important 1ole in the anodic oxidation of 
manganous sulphate as is seen from the results (cf. Table I) of the wide variation of sulphuric 
acid concentration. The electrolysis of 30% sulphuric acid leads to the precipitation of manga- 
nese dioxide after a short duration, probably due 1o the hydrolytic decomposition of the resulting 
products especially in dilute acid. Very low current effici¢hcy (10°5%) under. the stated condi- 
tion might probably be ascribed to the discharge of OH ion at the anode and their subsequent 
recombination to form water and oxygen. ‘The current efficiency progressively increases with 
the concentration of sulphuric acid up to a particular limit (60%) and then diminishes (cf. curve 1, 
Fig. 1). This might probably be attributed to increased stability of the products, especially 
in the stronger solutions of the acid employed. A marked diminution in the current efficiency 
at high concentration of the acid (above 60%) appears to be chiefly due to the precipitation of 
manganous sulphate and its subsequent reducing action on the oxidation products formed. 


As discussed previously, the concentration of manganous sulphate, the depolarizer, exerts a 
marked influence on the nature of the oxidation products obtained electrolytically. At very 
low concentration permanganic acid is formed, but in stronger solutions, manganic sulphate, 
manganic disulphate and other oxidation products of manganese are the chief products. In the 
present investigation the concentration of manganous sulphate is varied in the range 1°5—~9%, 
the products obtained being mainly manganic sulphate and manganic disulphate and probably 
traces of permanganic acid. An examination of the results in Table II reveals that the yield 
and consequently the current efficiency of the oxidation products incréase steadily (cf. curve 2, 
Fig. x) with the concentration of manganous sulphate, the depolariser, up to a particular limit 
(7°5%), after which it remains almost constant with further increase in concentration. This 1s 
in agreement with the general findings in oxidation reactions. Higher concentrations (above, 9%) 
of manganous sulphate could not be employed owing to the complications arising out of its 
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precipitation in strongly acid media. It should also be noted that once the precipitation of 
- manganous sulphate occurs, the yield of oxidation products falls considerably. 

Results recorded in Table IJ] show that temperature variation (15°-80°) bas a marked 
influence on the current efficiency. The influence of an increase of temperature on an electrolytic 
oxidation, when oxygen is simultaneously being evolved, can vary. It actsfavourably by increas- 
ing the velocity of diffusion of the depolariser. But it also lowers the oxygen over-voltage and 
thus ‘facilitates the discharge of oxygen. Accoiding as one or the other of these two effects pre- 
dominates it will be better to work at alow ora high temperatuge (cf. Allmand and Ellingham, 
“ Principles of Applied Electro-chemistry,’’ London, 1931, p. 104). Furthermore, the stability of 
the products formed needs also be considered. ‘Thus, the rise in current efficiency (cf. curve 3 
in Fig. x) with the rise in temperature up to 60° (cf. our results) might be ascribed to increased 
diffusion of the depolariser and its subsequent oxidation at the anode. ‘The diminution in yields, 
especially at higher temperature (above 60°), might be due to much of the current being utilised 
in discharging oxygen at‘the anode, being facilitated by lowering of its over-voltage. The 
reducing action of manganous sulphate on the oxidation products and the unstable nature of the 
latter, especially at higher temperatures, might also account for the lowering of the yields. 


In any electrolytic reaction the oxidation product formed at the anude may diffuse towards 
the cathode and be subsequently reduced. It is to be anticipated that with the increase of 
inter-electrode distance up to a particular limit, the current efficiency may increase due to a 
diminution in reduction. Results reported in Table IV are in agreement with this deduction. 
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The variation of current density materially affects the anodic process. Results shown. in 
Table V indicate that the current efficiency increases very gradualiy with the increase of anodic 
C.D. (cf. curve 2, Fig. 2) up to a particular limit (300 amp./dm?.), probably due to an increase 
in oxygen over-voltage and a corresponding diminution in its evolution. Increased rate of 
diffusion of the depolariser and its subsequent oxidation at the anode might also partly explain 
increased yields at high C.D. With further increase of C.D. (above 300 amp./dm?.) the 


current efficiency, however, diminishes, due presumably to increased oxygen evolution at 
the anode, 
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: Results recorded in Table VI show that the current efficiency is low at low cathodic C.D. 
(52 amp./dm?.) probably due to the fact that the oxidation products formed at the anode might 
be reduced appreciably by the nascent hydrogen evolved at the cathode. 


The variation of current concentration affects the current efficiency of oxidation appreciably. 
‘This is UJustrated from our data shown in Table VII. 


As in all oxidation reactions the duration of electrolysis exerts a profound influence on the 
course of the anodic reaction. ‘The oxidation of manganous sulphate in the presence of sulphuric 
acid is rapid and immediate as ig noticed by the instantaneous formation of pink colour at the 
anode. ‘The current efficiency is 100% for shorter durations (5 mins.) of electrolysis (cf. results 
in Table VIII). It shows a rapid but gradual diminution with the progress of electrolysis (cf. 
curve r im Fig. 2). After 14 hours of electrolysis an immediate precipitation of manganese 
dioxide takes place due to increased concentration of the oxidation products and their hydrolytic 
decomposition. 


. The nature of the anode material is very important in oxidation reactions as is seen from 
the results recorded in TableIX. With graphite anode there was no oxidation of manganous 
sulphate. It appears that the whole of the current is utilised in discharging oxygen at the 
anode. The carbon particles prcduced by the disintegration of the graphite anode foul the 
solution. Results with smooth and platinised Pt shcw that better yields are obtained with the 
former probably due to high oxygen over-voltage. High current efficiency (75%) with Pb 
anode appears to be due to the catalytic influence of PbO, formed at the anode. Catalytic 
influence of the anode material, especially PbO., seems to have been noticed earlier. For example 
Regelsberger (Z. Elektrochem., 1899, 6, 388) found that chromium salts, which are not oxidised 
at Pt anodes, are readily oxidised on the addition of a small amount of lead salts which form 
a PbO, layer on the anode (cf. also Muller and Soller, Z. Elektrochem., 1905, 11, 863). 


‘The chemical effects of pure alternating currents are in any case inconsiderable and not 
particularly remarkable. When, however, an alternating current is superposed on a direct 
current, some striking results are obtained (cf. Table X). The current efficiency improves 
markedly. ‘This might probably be due to ‘a considerable diminution in oxygen over-voltage 
and a corresponding lowering in the oxidising potential, The magnitude of ihe decrease 
produced in the degree of irreversibility of the direct current elecirode process, depends on 


It ti t str I 7 
© der ae ea (b) the frequency of the alternating current (cf. Allmand 


and Ellingham, op. c.t. p.147}. Ghosh ‘J. Amer. Chem. Soc., 1915, 87, 733), Stepanow 
(Chem. Abst., 1916, 10, 2431), Archibald and Wartenberg (Z. Elektrochem., 1911, 17, 812) and 
others have also shown that the voltage required for a particular electrolysis at a given current 
density will be lowered by the use of a superposed alternating current. 


An examination of the results shown in Table XI reveals that the current efficiency of 
oxidation falls considerably (50%) by passing steam through the electrolyte. ‘This might be 
accounted for as follows: The passage of steam during the electrolysis might cause a considerable 
agitation of the electrolyte which might produce a lowering in the oxygen over-voltage thus 
facilitating increased oxygen evolution at the anode. The agitation might also bring ahout 
marked decomposition of the oxidised products. 


{a) the ratio 


Not only the material of the electrode but also additions to the electrolyte can act as catalysts 
in anodic oxidations. Some of these ‘ oxygen-carriers’ are very important. Addition of quite a 
large number of substances has been tried and their influence studied (cf. results in Table XII). 
Ce(SO,)2, KIO;, CoSO,, 7H,0, KCIO;, K,CrO,,. Pb(CH;COO),, 3H.0, HF, KF, Ag,SOi, etc., 


“ 
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were found to be the best in descending order. ‘The rest were found to be less proinising ; while 
agents like T'l,(SO,)3, KI and HCI! were found to be detrimental or negative catalysts. Addition 
of re.c. of conc. HCl to roocec. of the solution, for example, lowers the current efficiency 
from 69% to 52°2%. This appears to be due to the oxidation of the addendum by the powerful 
oxidising products formed. ‘The addition of 1 g. of Ce(SOQ,), in rooc.c. solution raises the 
efficiency to a considerable extent (84.5%). This might be due to the fact that the catalyst 
being a powerful oxidising agent oxidises the depolariser; it gets subsequently reoxidised at 
the anode and is used up again in oxidising the depolariser, the result of the whole cyclic opeiaticn 
being the increased oxidation of manganous sulphate. High “efficiency (§2°4%) of oxidation 
with the addition of CoSO,, 7H,O can be explained in a somewhat similar manner. Cobaltous 
sulphate may be oxidised to cobaltic sulphate (CO**—>Co***) which may subsequently react 
with the depolariser regenerating cobaltous sulphate. Increased efficiency with the addition of 
KClOs, K,CrO, and of KIO; might possibly be attributed to their high oxidising property. 
Favourable effects of Pb(CH;COO),, 3H,O might be ascribed to the catalytic influence of PbO, 
film formed at the anode, as discussed previously. Addition of 1 c.c. of HF in 100 c.c. solution 
taises the currenl efficiency from 69% to 73%, probably due toaconsiderable rise in the ancde 
‘potential. The results with the addition of KF can be explainzd on similar lines. The mcde 
of ‘action -of the catalysts is clear and simple in some cases but sometimes this is not so. The 
work of earlier investigators leads to similar conclusions. 


In conclusion the authors express their indebtedness to Prof. S. S. Joshi for suggesting 
the problem and giving valuable help and criticism during the course of this investigation. 
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THE CONDENSATION OF a-SUBSTITUTED ACETOACETATES WITH 
PHENOLS. PART VI. THE CONDENSATION OF PHENOLS 
WITH ETHYL ACETOSUCCINATE 


By R. H. SHaAw AND N. M. Swan. 


The Pechmann condensation of several phenols with ethyl acetosuccinate in presente of different ee 
agents has been studied with a view to finding the effect of -CH,COOHt as e-substitnent on the course of the reac- 
tion. Reactive phenols like resorcinol, orcinol, etc , easily undergo the condensation. Various coumarin-3-acetic 
acids and their derivatives have been evnthesined Of the less reactive phenols, m-cresol and &-naphthol condense 
with the formation of the corresponding coumarin derivatives. . 


In extension of the previous work on the condensation of a-substituted acetoacetates (with 
*a-substituents other than alkyl) with phenols (Shah and Shah, Ber. » 1938, 74, 2075; Shah, J. Univ. 
" Bombay, 1939, 8, 205; Kulkarni, Alimchandani and Shah, J. indian Chem. Soc., 1941, 18, 113, 123; 
Shah und Kulkarni, J. Univ. Bombay, 1y41, 10, 86), the present investigation was undei taken with 
a view to study systematically the eflect of carboethoxy-methyl (CH.“COOEt) group as an e-substi- 
' tuent in the acetoacetate molecule on its reactivity in the Pechinann condensation. ‘This communi- 
cation describes the results of the condensation of ethyl acetosuccinate with several phenols under 
the conditions of Pechmann and Simonis reactions as well as in the presence of other condensing 
agents. 

Condensation of ethyl acelosuccinate with reactive phenols like resorcinol, pyrogallol, orct- 
nol, o-naphthol and phloroglucinol.—The condensation of resorcinol with ethyl acetosuccinate in 
presence of sulphuric acid has been described by several investigators (Bannerjee, J. Indian Chem 
Soc., 1931, 8, 777; Dey and Sankaranarayanan, ibid, p. 819; Chakravarti, ibid., 1935, 12, 538). 
We have now further investigated this condensation in the presence of (1) aluminium chloride, 
(2) phosphorus oxyclhoride and (3) phosphoric anhydride. In all cases, dhe coumarin derivative 
identical with one obtamed by using sulphuric acid is obtained. 7-Hydroxy-4-methylcoumarin-3- 
acetic acid is obtained directly in’ good yield, with aluminium chloride as condensing 
agent, the expected ester being hydrolysed during the reaction.. Phosphoric anhydride gives the 
same coumarin as its ester (I; R=H) in very poor yield; while phosphorus oxychloride produces 
" the same ester (I, R=H) in excellent yield. It is noteworthy that in this as well as in subsequent 
condensations described here, the oxychloride has been found to be a very efficient condensing agent. 
giving the maximum yields of the condensation products. 

Ethyl 7-hydroxy-4-methylcoumarin-3-acetate (I, R=H) on hydrolysis gives the acid identical 
with the acid obtained by aluminium chloride method. This acid 1s stable and connot be de- 
carboxylated by heating above its melting point. However, the de-carboxylaticn is effected by 
quinoline-copper method, using its acetyl derivative. The product obtained is identical with 

7-hydroxy-3 : 4-dimethylcoumarin, the de-acetylation having occurred during the reaction. 

Ethyl 7-acetoxy-4-methylcoumarin-3-acetate on Fries migration with aluminium -chloride 
gives 7-hydroxy-8-acetyl-4-methylcoumarin-3-acetic acid (II) identical with the acid obtained by 
the hydrolysis of the condensation product of 2-acetyl-resorcinol with ethyl acetosuccinate. 

\ a" 


- a co a se 
\4 C-CH,CO,Et -CH, COOH 
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Orcinol on condensation with ethyl acetosuccinate in the presence of phosphorus oxychloride 
gives an excellent yield of ethyl 5-hydroxy-4 : 7-dimethyt coumarin-3-acetate (III ; R=CHs), from 
which the corresponding coumarin-3-acetic acid is obtained by hydrolysis. 


Pyrogallol on similar condensation” gives ethyl 7 : 8-dihydroxy-4-methylcoumazin-3-acetate 
(I, R=OH). Sulphuric acid as condensing agent has been found to hydrolyse the ester giving 
directly the acid (cf., Chakravarti, Joc. cit.), Aluminium chloride does not give any condensation 
product. Attempts to decarboxylate the acid as well as the Fries transformation of 7 : 8-diacetoxy- 
coumarin derivative have been unsuccessful. . 


The condensation of a-naphthol has been studied in presence of sulphuric acid, phosphorus 
oxychloride and pentoxide as well as aluminium chloride. In all cases, 4-methyl-a-naphthapyrone- 
3-acetic acid or its ethyl ester identical wiih those of the previous workeis (Bannerjee, loc. cit. 
Dey and Sadkaranarayanan, loc. cit.) is obtained. 


Phloroglucinol condenses smoothly in presence of sulphuric acid (0%) as well as phosphorus 
oxychloride. The acid is fonnd to hydrolyse the ester giving the corresponding acid; the oxy- 
chloride gives an excellent yield of ethyl 5 : 7-dihydroxy-4-methylcoumarin-3-acetate (III, R=OB) 
which on hydrolysis gives the corresponding coumarin-3-acetic acid. 


The coumarin-3-acetic acids described here are very stable and are not easily decarboxylated 
in contrast to coumarin-4-acetic acids which easily lose carbon dioxide on heating ‘Dey and Row, 
J. Indian Chem, Soc., 1924, 1, 107, 22 et seq). These acids do not react with aromatic aldehydes 
according to Knoevenagel reaction. An explanation in terms of induced alternate polarities for 
the reduced reectivity of coumarin-3-acetic acids (Bannerjee, loc. cit.) satisfactorily explains the 
behaviour of these acids studied in this investigation. 


m-Cresol condenses with ethyl acetosuccinate with sulphuric acid as condensing agent. It is 
interesting to note that‘the change of temperature affects the condensation considerably. Ethyl 
4: 7-dimethylcoumarin-3-acetate (IV) may be obtained by keeping the reaction mixture well 
cooled. Ifthe temperature is not properly kept down or the condensation carried out in summer 
months, a product, m.p. 135°, identical with 4 : 7-dimethylcoumarin, is obtained. It is noteworthy 
that the substituent is totally eliminated under the experimental conditions. A similar elimination 
of -CH,.COOEt has also been observed in case of methyl f-resorcylate condensation (see next — 
paper). Neither phosphorus oxychloride nor pentoxide could affect the condensation, unchanged — 
cresol being obtained. 


8-Naphthol gives on condensation in presence of sulpburic acid (but not in presence of phos- 
phorus oxycliloride or phosphorous pentoxide) 4-methy]-S8-naphtbapyrone-3-acetic acid identical 


with that of Dey and Sankaranarayanan (J. Indian Chem. Soc., 1931, 8, 825). 8-Napbthapyrone- 
3-acetic acid cannot be decarboxylated. 


o-Cresol, p-cresol, quinol, phenol and catechol do not undergo condensation with ethyl 
acetosuccwwate. 
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RxPRERIMENTAL. 


Condensation of Resorcinol with Ethyl Acetosuccinate: Formation of 7-Hydroxy- 
4-methyl-coumarin-3-acetic acid and its Ethyl Este. 


(i) Resorcinol (5 g.) was mixed with ethyl acetosuccinate (10 g.) and phosphorus oxychloride 
(3 c.c.) gradually added with stirring and cooling. After sometime the mixture solidified; it 
was left at room temperature overnight. It was treated with cold water and the solid crystallised 
from alcohol as needles, m.p. 163° yield nearly theoretical. Bannerjee (loc. cit.) and Dey and 
Sankaranarayanan (loc. cit.) give m.p. 162° and 163° respectively ; mixed m.p. with the ester 
obtained by using sulphuric acid as a condensing agent according to the above authors was unde- 
pressed. : 
(ii) The condensation was carried out in presence of P.O; (20 g.) (cf. Chakravarti, J. Indian 
Chem. Soc., 1935, 12, 538). The prodtict obtained in low yield was identical with the above ester, 
m.p. and mixed m.p. 163°. : 

The acetyl derivative crystallised from alcohol as shining plates, m.p. 98°. 

The benzoyl derivative crystallised from alcohol and then from chloroform-benzine mixture 
as shining needles, m.p. 138°. Banmnerjee (loc. cit.) gives m.p. 127°. 

(i#i) To a solution of aluminium chloride (5.5 g., 2 mols.) im dry nitrobenzene (30 c.c.), 
resorcinol (3 g., 1 mol.) and tke ester (6 g., 1 mol.) were added and the mixture, protected from 
moisture by CaCl, guard tube, was heated on an oil-bath for 1 hour. Copious hydrochloric acid 
fumes were evolved. After the reaction subsided, the mixture was cooled and distilled in steam 
after adding ice and concentrated hydrochloric acid (zo c.c.). The residual liquid was freed 
from some tarry matter and on cooling it deposited needle-shaped crystals, m.p. 265-66°, mixed 
m.p. with the acid obtained by the hydrolysis of the ester was undepiessed, yield 8.5 g. 
Both the acid and the ester dissolve in alkaline solution with blue fluorescence. The acetyl 
derivative, prepared by acetic anhydride and a drop of sulphuric acid, crystallised from hot water, 
D1.p: 199-200°. (Found: Equiv., 274:8. CusHiaOg requires Equiv., 276). 

‘The benzoyl derivative crystallised from alcohol, m.p. 190-91°. (Found: C, 67°4; H, 42. 
C1,H 1,0. requires C, 67'45; H, 4°14 per cent). ~ 

Decarboxylation of the Acid.—7-Acetoxy-4-methylcoumarin-3-acetic acid (x g.) was mixed 
with quinoline {15 c.c.), copper-bronze (0°3 g.) and refluxed for nearly 45 minutes with a low 
flame. Copper was removed, the filtrate mixed with excess of dilute hydrochloric acid and 
extracted with ether; the ethereal extract washed with sodium bicarbonate solution, the ethereal 
layer separated, dried and ether removed. The brown solid was dissolved in dilute sodium 
hydroxide, filtered and tlie filtrate acidified; the solid crystallised from alcohol, m.p. 254°, 
mixed in.p. with authentic sample unchanged. ‘The acetyl derivative melts at 164°. Pechmann 
and Duisberg (Ber., 1883, 16, 2119) give m.p. 165°. 


Fries Transformation.—Ethyl 7-acetoxy-4-methylcoumarin-3-acetate (2 g.) was intimately 
mixed with aluminium ‘chloride (7°8g.) and heated on an oil-bath at 120-25° for 2 hours. It was 
then cooled and treated with ice-cold water acidified with bydrochloric acid. The solid was 
collected and crystallised from alcohol, m.p. 256-57°. The product was identical with 7-hydroxy- 
8-acetyl-4-methylcoumarin-3-acetic acid (vide next paper). 

The acid dissolves in alkali with yellowish colour without any fluotescence and gives red 
colour with alcoholic ferric chloride. - 

Condensation of Orcinol : Formation of Ethyl 5,hydroxy-4 : 7-dimethylcoumarin-3-acetate. 
~—Anhydrous orcinol (2 g.) was condensed with ethyl acetosuccinate (3'5 g.) in presence of phos- 

« phorus oxychloride (2 c.c.). It was then worked up as before. The product crystallised from 
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alcohol as needles, m.p. 206°, yield 3 g. (Found: C, 64°8; H, 5°5. Cale. for CysH,,.0;3: C, 65°2; 
H. 58 per cent). Chakravarti (loc. cit.) gives m.p. 198-200°. The same condensation was 
repeated in presence of sulphuric acid and the product was obtained in less yield. It dissolves in 
alkali solution with non-fluorescent yellow colour. 3 

The acetyl derivative crystallised from alcohol as needles, m.p. 91-92°. (Found: C, 64’0; 
H, 59. CisHy,0, requires C, 64°15; H, 5°7 per cent). 

5-Hydroxy-4: 7-dimelhylcoumarin-3-acetic Acid.—The above ester (x g.) was boiled with 
2N-NaO8 (20 c.c,) on a water-bath for 15 minutes; it was coole@, acidified and the solid collected 
and crystallised from alcohol as lustrous plates, m.p. 270°. (Found: Equiv., 120. CysHys0; 
requires Equiv., 248). Evidently the pyrone ring has opened and the acid titrates as dibasic acid. 

The acetyl derivative crystallised from dilute alcohol, m.p. 183-84°. (Found: C, 62’0; 
H, 4°9. CysHi4O, requires C, 62°1; H, 4'8 per cent). 


Condensation of Pyiogallol : Formation of 7 : 8-Dihydroxy-4-methylcoumarin-3-acetic 
‘ Acid and its Ethyl Ester. 


(i) Pyrogallol (4 g.) was mixed with ethyl aceto-succinate (7 g.) and concentrated 
sulphuric acid (20 c.c.) slowly added with cooling under tap; the mixture left overnight and then 
poured into cold water with stirring. No solid separated. On scratching the sides of the beaker, 
the solid began to come down slowly; it was coliected after some time and crystallised from 
dilute acetone as needles, m.p. 240°. (dried sample, m.p. 270°). (Found: C, 57°8; H, 4‘r. 
CrH iO. requires C, 576; H, 4x per cent). The acid dissolves in alkali and concentrated 
sulphuric acid with lemon-yellow colour. The acid was also obtained by the hydrolysis of the ester 
obtained below. ° : 

The acetyl derivative crystallised from dilute acetic acid, m.p. 224-25°. (Found: C, 57°3; 
H, 4°1. CisHisOg requires C, 57°5; H, q'2 per cent). 

(ti) ‘To prevent hydrolysis, the above condensation was repeated at lower temperature by 
keeping it in ice. ‘The product obtained crystallised from dilute acetone as needles, m.p. 206°, 
yield x g. (Found: C, 60°4; H, 5°4. Cy.Hi,0. requires C, 60°44; H, 5°04 per cent). Chakravarti 
‘loc. ctt.}egives m.p. 186°. i‘ 

‘The ester dissolves in alkali with deep orange colour and gives with alcoholic ferric chloride 
green colour, . 

(iti) An excellent yield of the above ester was obtained by carrying out the above condensa- 
tion with phosphorus oxychloride as condensing agent. 

The acetyl derivative crystallised from alcohol as fine needles, m.p. 123-24°. (Found: 
C, 60°2; H, 5°2. CysHi,0, requires C, 59°7; H, 5°0 per cent). 

Condensation of Phloroglucinol: Formation of 5: 7-Dihydroxy-4-methylcoumarin-3-acetic 
Acid and its Ethyl Ester—Anhydrous phloroglucinol (2 g.), ethyl aceto-succinate (3.5 g.) and 
phosphorus oxychloride (2 c.c.) were mixed with cooling under tap, and left overnight. The 
mixture was found solidified. It was worked up as before. ‘The solid crystallised from alcohol 
as needles, m.p. 250°, yield about 4g. (Found: C, 601; H, 4°95. CyuHu.Os requires C, 604; 
H, 5°03 per cent).’ It dissolves in alkali and concentrated sulphuric acid with greenish colour. 

The acetyl derivative crystallised from alcohol as lustrous needles, m.p. 114-15°. (Found: 
C, 59°53 H, 4°83. CisHisOze requires C, 59°7; H, 5’0 per cent). 

Hydrolysis of the Ester.—The ester (1 g.) was heated with 2N-NaOH (2oc.c.) for 20 minutes 
on a water-bath. It was then acidified; the solid crystallised from boiling water to which few 
drops of alcohol were added, m.p. above 285°. (Found: C, 57°5; H, 4'r. CisHy O05 requires 
C;57°6; H, 4’0 per cent). The same acid was directly obtained by cendensing phloroglucinol with 
sulphuric acid (80%) as condensing agent. : 
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- The acetyl derivative crystallised from alcohol as needles, m.p. 169-70°. (Found: C, 57°43 
H, 4°3. CysHi.O. requires C, 57°5; H, 4'2 per cent). 


Condensation of a-Naphthol : Formation of 4-Methyl-a-naphthapyrone-3-acetic Acid 
and its Ethyl Ester. 


a-Naphthol was condensed in presence of different condensing agents as before; the results 
are summarised below. ; 


Condensing agent. Protiuct obtained. Remarks. 


Conc. H,SO, Kthyl 4-methyl-a-naphtha- Bannerjee (loc, cit.) gives m.p. 137°. 
pyrone-3-acetate, m.p, 141° Very low yield. 
PO; 7 fs 3 
H,SO, (80%) 4-Methyl-a-naphthapyrone- (Found : Equiv , 262. CyB 1,0, requires 
.  gracetic acid, m.p. 253-254°. Equiv. 268). 
AICI; , re 3 ’ 
POC! a a A coloured pasty mass was obtained 


which was worked up, yield 1.5 g. 
from 2g «naphthol. 


Condensation of m-Cresol: Formation of Ethyl 4 : 7-Dimethylcoumarin-3 acetate—m-Cresol 
(5 g.) and ethyl aceto-succinate (10 g.) were mixed and concentrated sulphuric acid (20 c.c.) slowly 
added with cooling in ice. The mixture was left overnight in a vessel containing ice. It was then 
worked up by adding ice-water and’ the solid collected gnd crystallised from alcohol as needles, 
m.p. 106°, yield 3g. (Found: C, 69°0; H, 59. CisH1eO, requires C, 69°2; H, 6°x per cent). 

4:7-Dimethylcoumarin-3-acetic Acid.—The ester (1 g.) was hydrolysed by heating on a water- 
bath with 2N-NaOH (20 c.c.). It was cooled and acidified and the solid separating crystallised 
fromm boiling water as fine lustrous needles, m.p. 193-94°. (Found: Equiv., 233°3. CuHy0, 
requires Equiv., 232). 
“ Condensation of B-Naphthol : Formation of 4-Methyl-B-naphthapyrone-3-acetic Acid.— 
The mixture of 8-naphthol (4 g.) and ethyl aceto-succinate (7 g.) was treated with concentrated 
sulphuric acid (12 c.c.) with cooling and left overnight. It was worked up as before. 
The substance crystallised from dilute alcohol as yellowish needles, m.p. 199°, yield 3g. (Found: 
Equiv., 273. CisHi,0, requires Equiv., 268). Dey and Sankaranarayanan (loc. cit.) give the 
sdme melting point. 

The ethyl ester crystallised from alcohol, m.p: 101°. 


We thank Dr. M. S. Shah. Our grateful thanks are due to Dr. R. C. Shah for his sym- 
pathetic and kind interest. 
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THE CONDENSATION OF a-SUBSTITUTED ACETOACETATES WITH PHENOLS. 


PART VII THE CONDENSATION OF VARIOUS SUBSTITUTED 
PHENOLS WITH ETHYL ACETOSUCCINATE. | 


By R. H. Saam anD N. M. SHau. 


Tn continuation of Part VI, ethyl! acetosuccinate has been condensed with various substitnted phenols, having 
-COOMe, CO—R«iR=Me, Phi, -NOq, halogens as substituents The effect of these substituents on the course of 
the reaction has been discussed 


* 


In the preceding part of this series (Part VI), the authors showed that ethyl acetosuccinate 
condenses with different phenols giving the coumarin -3-acetic acid derivatives. With a view to 
study the effect of different substituents in a phenol molecule, the condensation of ethyl acetosuc- 
cinate with several substituted phenolic derivatives was undertaken and the results are described 
in this part. ‘The reactivity of the following substituents -COOMe, COMe, CO.Ph. -NO, and 
halogens on the course of the reaction has been studied. 


Methyl §-resorcylate on condensation with ethyl acetosuccinate in the presence of sulphuric 
acid gives methyl 7-hydroxy-4-methylcoumarin-6-carboxylate (Shah, Sethna et al, J. Indian Chem. 
Soc., 1937, 14, 717). ‘The expected ethyl 7-hydroxy-6-carbomethoxy-4-methy]coumarin-3-acetate 
could not be obtained in spite of several attempts. It may be pointed out that the group 
CH.,COOEt is eliminated in this condensation as in case of m-cresol described in the previous 
part. Phosphoryl chloride also gives the same product in lesser yield. 


2-Acetyl-resorcinol easily undergoes the condensation in presence of sulphuric acid as well 
as phosphorus oxychloride. Sulphuric acid is found to hydrolyse the product giving the coumarin 
-3-acetic acid directly; while the oxychloride gives ethyl 7- -hydroxy-8-acetyl-4-metbyl coumarin 
3-acetate which on hydrolysis gives the above acid, identical with the Fries migration product of 
7-acetoxy-4-methylcoumarin-3-acetate (vide previous paper). This condensation of 2-acetyl- 
resorcinol was studied by Shah and Jatti (Proc. Indian Sci. Cong., 1940, 65) in presence of 
aluminium chloride with the production of identical coumarin derivatives. 


Similarly, 2-benzoyl-resorcinol smoothly undergoes condensation yielding ethyl 7-hydioxy- 
8-benzoyl-4-methyl coumarin-3-acetate, 

Resacetophenone and resbenzophenonedo not condense with ethyl acetosuccinate. ‘The 
deactivating effect of acyl group in 2-position of the resorcinol nucleus in negligible; whereas 
the same in the 4-position is very great as resacetophenone and other 4-acyi-resorcinols do not 
condense even with unsubstituted -acetoacetate in presence of sulphuric acid Selina: Shah and 
Shah. J. Chem. Soc., 1938, 228, 1424 and subsequent papers). 


In order to find the effect of nitro group, the condensation of 2- and 4-nitro-resorcinols was 
tried but unchanged phenols were recovered. : 


CO.Me 
HO OH 


HO,“ co 
> 
. sg —CH,COOEt ~” ce CH,.CUOOH 
c 


Me mh 


CO.Me 7 ar 
- | oOo 


+s 
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Clayton (J. Chem. Soc., 1908,‘ 2018) generalised that the presence of halogen atom in the 
phenolic nucleus hinders the Pechmann reaction. It seemed, therefore, of interest to study the 
behaviour of halogenated phenols with ethyl acetosuccinate. 4-Chloro-phenol, 4-chloro.m-cresol, 
4-chloro-resorcinol, 4-bromo-resorcinol and 4-chloro-a-naphthol have been tried. 4-Chloro-phenol 
does not condense: this is in conformity with the usual less reactivity of para-substituted phenols 
in the Pechmann reaction. All the remaining halogenated phenols condense with ethyl acetosucci- 
nate giving the corresponding coumarin-3-acetic acid derivatives. It is interesting to note that 
4-bromo-resorcinol gives ethyl 7-hydroxy-4-methyl-coumarin-3-acetate. This elimination of 
bromine during, the condensation is noteworthy. As far as we are aware, it is a singular instance 
of halogen elimination in the Pechmann reaction. : 


From the results described here and in the previous part, it is found that the classification _ 
of phenols with regard to their reactivity with B-ketonic esters in Pechmann reaction holds good 
in case of ethyl acetosuccinate also. m-Cresol and B-naphthol give coumarins in good yields. No 
chromone derivative has been obtained in any case even with less reactive phenols in presence 
of phosphorus pentoxide. It is evident from the results that in spite of the heavier bulk of its 
a-substituént, the acetosticcinate is equally or even more reactive than the corresponding simple 
a-alkyl substituted acetoacetate. The introduction of-the negative group like carboethoxy in the 
alkyl group has tended to increase the reactivity of the ester which may be attributed to its 
greater enolisation. Similar observations have also been made in case of the Pechmann condensa- 
tion of phenols with ethy! o-acetoglutarate, the next homologue of ethyl acetosuccinate (Shah and 
Shah, Ber., 1938, 74, 2075). ; 


EXPERIMENTAL. 


Condensation of Methyl B-resorcylate with Ethyl acetosuccinate.—Methyl 8-resorcylate (4g.) 
was mixed with ethyl acetosuccinate (5 g.) and sulphuric acid (80%; 25c.c.) gradually added. 
' The mixture was left overnight and worked up as usual. A pasty mass separated, and on washing 
with little alcohol it gave a white solid, which crystallised from alcohol, m.p. 213-214°, yield 3 g., 
mixed m.p. with methyl 7-hydroxy-4-methylcoumarin-6-carboxylate was unchanged. 


The condensation was repeated several times under different conditions to get the expecied 
coumarin-3-acetic acid but the product obtained was adesitee! with the above, the elimination of 
CH,.COOEt taking place. ; 

The acetyl derivative crystallised from slechor as needles, m.p. 172- 173° » mixed m.p, 
with an authentic simple. 

Condensation of 2-Acetyl-resorcinol: Formation of Ethyl 7-hydroxy-8-acetyl-4-methyl- 
coumarin-3-acetate.—To the mixture of 2-actylresorcinol (x g.) and ethyl acetosuccinate (1'5 g.), 
phosphorus oxychloride (2 c.c.) was added with cooling and after about 20 hours, it was 
worked up ; the yellowish solid was collected and crystallised from alcohol as needles, m. p. 167°- 
168°. (Found: C, 63°r. H, 5°4. CysFlisO. requires C, 63°2; H, 5°3 per cent), The coumarin 
dissolves in alkali with non-fluorescent yellow colour and gives violet colour with alcoholic 
ferric chloride. 

The acetyl derivative crystallised from alcohol as thin plates, m. p. 221-223°. (Found: 
C, 63°3; H, 5'x. CisHysO,y requires C, 625; H, 5°2 per cent). - 

Hydrolysis of the above Ester.—The ester (o’5 g.) was treated with 2 N-sodium hydroxide 
(10 c.c.) on a water-bath for about 20 minutes. It was cooled and acidified ; the solid crystallised 
from alcohol as needles, m. p. 262-263°. (Found: C, 60°8; H, 4°7. CiHi:06. requires C, 60'9; 
H, 4°4 per cent). 7-Hydroxy-8-acetyl-4-methylcoumarin-3-acetic acid gives wine-red colour with 
ferric chloride. ‘ ‘ 


’ 
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The same acid was directly obtained by condensing 2-acetyl-resorcinol in presence of 80% 
sulphuric ecid. : ne 

Condensation of 2-Benzoylresorcinol: Formation of Ethyl 7-Hydroxy-8-benzoyl-4-meihyl 
coumarin-3-acetate.2-Benzoyl-resorcinol (zg.), ethyl aceto-succinate (2g.) and phosphorus 
oxychloride (2 c.c.) were condensed as in the preceding case. The product was crystallised from 
alcohol as rectangular plates, m. p. 196-197°. (Found: .C, 65°92; H, 4°85. Ca:Hi,O7 requires 
C, 65'97; H, 4'7 percent). The coumarin is soluble in common organic solvents and dissolves 
in alkali with non-fluorescent yellow colour and gives red colour with alcoholic ferric chloride. 

The acetyl derivative crystallised from alcohol as rhombic crystals, m. p. 177°. (Found: 
C, 65°0; H, 4°8.~ Cys HauOz requires C, 65°; H, 4°7 per cent). 

_ 7-Hydroxy-8-benzoyl-4-methylcoumarin-3-acetic Acid.—The ester: (x g.) was mixed with 

2 N-sodium hydroxide (25 c.c.) and kept at room temperature for 24 hours. It was then acidified 


and the solid dissolved in sodium bicarbonate solution, filtered and the filtrate acidified ; the- 


acid crystallised from dilute alcohol as small needles, m. p. 255°. (Found: C, 64°3; H, 4’o. 
CypH,.0, requires C, 64°4; H, 39 per cent). 


- Condensation of 4-Chloro-a-naphthol: Formation of 6-chloro-4-methyl-1:2-a-naphthapyrone- - 


gracetic Acid and its Ethyl Ester—To the mixture of 4-chloro-a- naphthol (4 g.) and the ester (5 g.) 
concentrated sulphuric acid (20 c.c.) was gradually added with shaking and cooling. The product, 
isolated as before, crystallised from alcohol as needles, m.p. 185-86°, yield 2g. Chakravarti 
and Bagchi (J. Indian Chem. Soc., 1936, 18, 655) give m.p. 181-184°. (Found: Cl, rz’05. 
Cale. for CjsH1,0, Cl: Cl, 10°75 per cent). 

The ester was hydrolysed as before. ‘The acid crystallised from acetic acid as needles, m.p. 
276-277°. (Found: Egquiv., 301.7; Cl, 12-85.C,.6H,,0, Cl requires Equiv., 302; Cl, 11°73 
per cent). The same acid was obtained directly if the condensation was carried out using 80% 
sulphuric acid. 

- The anilide crystallised from alcohol as thin lustrous needles, m.p. 265-66°. (Found: Cl,9°5, 
CygH1,.0,;NCI requires Cl, 9°4 per cent). 

Condensation of 4-Chloro- resorcinol: Formation of 7-Hydroxy-6-chloro-4-methylcoumarin- 
3-acetic Acid and its Ethyl Ester.—To the mixture of resorcinol (2°5 g.) and ethyl aceto- 
succinaté (4 g.), concentrated sulphuric acid (zo c.c.) was added with cooling in ice. The 
‘product obtained as before crystallised from acetic acid as small needles, m.p. 174°. Chakravarti 
(J. Indian Chem. ‘Soc., 1935, 12, 626) gives the same m.p. ‘The coumarin gives intense blue 
fluorescence in alkaline solution. : ; 

The acetyl derivative crystallised from alcohol as needles, m.p. 169°. (Found: Cl, 10°65. 
C,6H,,0,Cl requires Cl, 10’49 per cent). ; 

Phosphorus oxychloride also effects this condensation. 

The above ester was refluxed with 2 N-sodium hydroxide (20 c.c.) for about 4 an hour. 
The acid was isolated as usual and crystallised from dilute alcohol as needles, m.p. 263°. 
(Found: Cl, 13°14. CyzH,O,Cl requires Cl, 13°2 per cent). 

- Condensation of 4-Bromoiesorcinol—a-Bromo-resorcinol was prepared according to 
method described in Org. Syn. (1937, 17, 23). To the mixture of resorcin (4 g-) and ethyl 
aceto-succinate (5 g.), phosphorus oxychloride was slowly added with cooling. The mixture was 
worked up as before. The product obtained was found to be ethyl 7-hydroxy-4-methylcoumarin-3- 


acetate, the de-bromination having occurred during the course of ae reaction. Sulphuric acid as. 


condensing agent gave an uncrystallisable product. 
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THE CONDENSATION! OF’.-SUBSTITUTED ACETOACETATES WITH PHENOLS. 
PART VIII. THE CONDENSATION OF C-ALKYL-RESORCINOLS AND 
ETHYLPYROGALLOL WITH ETHYL ACETOSUCCINATE. 


By R. H. SHam anp N. M, SHAH. 


The condensation of C-alkyl-resorcinols and ethy] pyragallol with ethyl acctosuccinate has been described. 
Various coumarin-3-acetic acids derived from the above phenols and thzir derivatives have been obtained 


In continuation of our investigations on the reactivity of ethyl acetosuccinate in its Pechmann 
condensation described in the preceding parts of this series (Parts VI and VII), the present 
. Work was undertaken in order to synthesise coumarin-3-acetic acids from C-alkyl-resorcinols 
and to study the reactivity of the above ester in its Pechmann reactidn with C-alkyl-resorcinols. 
The condensation of 4-ethylresorcinol with cthyl acetosuccinate in presence of sulphuric acid 
proceeds smoothly and the product obtained is’ ethyl 7-hydroxy-6-ethyl-4-methylcoumarin-3- 
acetate (I, R=Ht), m.p. 184-85°, the course of reaction being represented below: 


HO” SoH ag ‘go 
a 
| | ce C—CH,'COOEt 
VOY 


. Me 
, (D . 
The ester (I, R=Et) is hydrolysed to the corresponding coumarin-3-acetic acid. ‘T‘his acid is 
stable and attempts to decarboxylate it are unsuccessful. 

Similarly, 4-methyl-, 4-propy]-, 4-butyl-resorcinols are condensed and the products obtained 
are ethyl 7-hydroxy-6-alkyl-4-mmethylcoumarin-3-acetate (I; R=Me, Pr, Bu) and the corresponding 
acids have been obtained by hydrolysis. 

All the condensation products dissolve in alkali with blue fluorescence characteristic of 
7-hydroxycoumarin derivatives. ‘To study the eflect of the change of the condensing agent, 
‘sulphuric acid has been substituted by phosphorus oxychloride. In all cases, the condensation 
in the presence of the oxychloride proceeds easily at ordinary temperature even without a solvent, 
the identical coumarins-being obtained in far greater yields. 

The behaviour of 4-ethylpyrogallol is similar to that of 4-ethylresorcinol; it condenses 
smoothly with ethyl acetostuccinate in presence of phosphorus oxychloride giving an excellent yield 
of ethyl 7:8-dihydroxy-6-ethyl-4-methylcoumarin-3-acetate. 

It is seen from ‘the above that the condensation is effected as easily as in case of unsubsti- 
tuted resorcinol and pyrogajlol. The‘alkyl group in 4-position of the resoicinol and pyrogallol 
nucleus has practically very little or no retarding influence on the course of the reaction. 


EXPERIMENTAL. 


Ethyl 7-Hydroxy-6-ethyl-4-methylcowmattn-3-acetate.—4-Ethylresotcinol required for this 
work was prepared by the Clemmensen reduction of resacetophenone using the modified method 
of Robinson-and Shah (J. Chem. Soc., 1934, 1494). 

(:) q-Ethylresorcinol (2.5 g.) was mixed with ethyl acetosuccinate (4 g.) and sulphuric acid 

(80%, 10 c.c.) slowly added with cooling. The mixture was then left overnight and worked 
up by adding into ice-cold water; the solid was collected, washed with water and crystallised Hom 
alcohol as fine plates, m.p. 183-84°, yield 2 g. 
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-(it) The above condensation was carried out in presence of phosphorus oxychloride {2 c.c.). 


Next day the mixture was treated with water; the solid crystallised from alcohol as fine plates, - 


yield 4g., m p. and mixed m.p. with the above sample, 185°. (Found: C, 65°7; H, 6°6. “CieHiOs 
requires C, 66°2; H, 6.2 percent). The coumarin is soluble in acetic acid, hot alcohol, benzene 
and chloroform; insoluble in petroleum ether. It gives bright blue fluorescence in alkali solution 
and in concentrated sulphuric acid. 

The acetyl derivative, prepared by acetic anhydride and a drop of sulphuric acid, crystallised 
from alcohol as fine crystals, m.p. 146-47°. (Found; C, 64°95; H,6 1. CysHs.O, requires 
C, 65°1; H, 6°02 per cent). ‘ 

The benzoyl derivative, prepared by benzoyl chloride in presence of pyridine, crystallised 
from alcohol, m.p. 123°. (Found; C, 69°42; H, 575. CssH2aO, requires C, 7o'1; H, 5°6 
per cent). 

The methoxy derivative, prepared by dimethyl sulphate in cold, crystallised from dilute 
alcoho] as clusters of needles, m.p. 93-94°. (Found: C, 66°85; H, 67. C,,H,,O, requires 
C, 67'x; H, 6°58 per cent). 

Hydrolysis of the Ester.—The ester (1g.) was treated with 2N-sodium hydroxide (25 c.c.) 
for about half an hour on asteam-bath. It was cooled, acidified and the solid crystallised from 
dilute acetic acid as needles, m.p. 221-22°. (Found: C, 64°4; H, 5°2. C.,HiOs requires 


C, 64°12; H, 5°34 percent). The acid is soluble in alcohol and acetic acid, sparingly so in boiling 


water and insoluble in benzene, chloroform and petroleum ether. 

The acetyl, benzoyl and anilide crystallised from alcohol, melting respectively at 209°, 160° 
and 257°. F ; 

Ethyl 7-H ydroxy-6-propyl-4-methylcoumarin-3-acetate.~4-Propyl-resorcinol was prepared 
by the Clemmensen reduction .of respropiophenone (Chakravarti and Chakravarty, J. Indian 
Chem. Soc., 1939, 16, 148). , ‘ 


The resorcinol (2 g.), mixed with ethyl acetosuccinate (3 g.), was treated with concentrated 
sulphuric acid (10 c.c.) with cooling. It was then worked up as before. ‘The solid was washed 
with dilute sodium bicarbonate solution and then with water. It was crystallised from alcohoi 
as thin rectangular plates, m.p. 169-70°, yield 1°5 g. . 

The condensation -was studied with phosphorus oxychloride (2 c.c.) as condensing agent 
and worked up as before. The product was crystallised from rectified spirit as clusters of needles, 
m.p. 170°, yield about 4g. (Found: C, 679; H, 70. Cy,;H,,O, requires C, 67°1; H, 6°6 
per cent). 

The acetyl derivative crystallised from alcohol as needles, m.p. roo°-10r°. (Found: 
C, 65°7; H, 6°. CisHasO. requires C, 65°9; H, 6°36 per cent). 

The benzoyl derivative crystallised from alcohol as rhombic byte, m.p. 115-16°. 
(Found: C, 70.2; H, 5.4. Ca.H.0, requires C, 70.6; H, 5.9 per cent). 

The methoxy derivative crystallised from alcohol, m.p. 94-95°. 

Hydrolysts :—The 6-propyleoumarin-ester was hydrolysed as before; the acid obtained was 
crystallised from dilute alcohol, m.p. 199-200°. (Found: C, 61°6; H,6'4. CisH,.0;, HO 
requires C, 61°3; H, 6°13 per cent). 

The acetyl derivative crystallised from alcohol, m.p. 203°. 

The methoxy derivative (obtained in course of the methylation of the ester due to hydro- 
lysis) crystallised from dilute acetic acid as short needles, m.p. 176°; (Found. C, 66'0; H, 5°9. 
Ci.H,,0; requires C, 662; H, 6'2 per cent). 


Ethyl 7-Hydroxy-6-butyl-4-methylcoumarin-3-acétate.—4-Butylresorcinol was prepared by 
the-Clemmensen reduction of resbutyropbenone. 
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4-Butyl resorcinol {2 g.), ethyl aceto-succinate ( 2.5.) and phosphorus oxychloride 
(3 c.c.) were carefully mixed and kept as before. _On working up as before, the product was 
crystallised from alcohol as needles, m.p. 165-66°. (Found: C, 67°7; H, 7°45. CisHa,0, requires 
C, 67°93; H, 6°92 per cent). ; ; 

The acetyl derivative crystallised from alcohol, m.p. 116-17°. (Found: C, 67°3; H, 7°3. 
CaoH,0, requires C, 66°7; H, 6°7 per cent). : 

The benzoyl derivative crystallised from alcohol, m.p. 124°. (Found: C, 71°22; H, 6's. 
CysH,.0, requires C, 71°x; H, 6°16 per cent). 

The methoxy derivative crystallised from alcohol, m.p. 88°. 

Hydrolysts.—The above ester was hydrolysed as before. The acid crystallised from dilute 
alcohol as needles, m.p. 205°. (Found: Equiv., 288°5. C.,Hi,O; requires Equiv., 290). 

The methoxy derivative, obtained by hydrolysing the methoxy ester obtained above, crys- 
tallised from dilute acetic acid, m.p. 160°. (Found:. C, 65°8; H, 6°3. C,,;Hs.Os, 4H,O requires 
C, 65°2; H, 6°7 per cent). ; 

Ethyl 7-Hydroxy-4:6-dimethylcoumarin-3-acetate.—4-Methylresorcinol, m.p. 105°, was 
prepared by the Clemmensen reduction of f-resorcylaidehyde. It is interesting to note in this 
connection that different specimens of 4-methylresorcinol obtained by different workers are reported 
to melt at various temperatures ranging from 83-105°. (cf. Clemmensen, Be1., 1914, 47, 51). 

4-Methylresorcinol (0'5 g.) was condensed in presence of phosphorus oxychloride (x c.c.) 
as before. The product was crystallised from dilute alcohol, m.p.- 183-84°. . (Found: C, 65°13 
H,5'9. CisH,.0; requires C, 65°2; H, 5°8 per cent). . ; 

The acetyl derivative crystallised from alcohol as needles, m.p 168-169°. (Found: C, 64°3; 
H, 5.7. CirHyeO« requires C, 64.15; H, 5.66 per cent). 

Ethyl 7:8-Dihydroxy-6-ethyl-4-methylcoumarin-3-acetate.—4-Ethylpyrogallol was prepared 
by the Clemmensen reduction of gallacetophenone (‘‘ Organic Synthesis ’’, KIY, 40). 4-Ethyl pyro- 
gallol(3g.’, the ester (4.5 g.) and phosphorus oxychloride (3 c.c.) were mixed with cooling in 
ice. ‘The solid obtained after treatment with water was washed with little acetic acid to 
remove coloured impurities. The colourless solid obtained was first crystallised from acetone-ligroin 
mixture and then from benzene as soft silky needles, m p. 150-51°; yield 3g. (Found. C, 62.5; 


~ A, 5.7. CisHisO. requires C, 62.74; H, 5.9 per cent). The coumarin dissolves in concentrated 


sulphuric acid with orange cofour and in sodium hydroxide with lemon-yellow colour. It gives 


“green colour with ferric chloride. 


The acetyl derivative crystallised from alcohol, m.p. 149° mixed m.p. with the original 
substance depressed to 130-32°). (Found: C, 61°4; H, 5°8. CsoH2,O, requires C, 61°54; 
H, 5°64 per cent), 4 

The benzoyl derivative crystallised from alcohol, m.p. 163°. 

Hydrolysis.—The ester (1 g.) was dissolved in acetic acid (z c.c.) and concentrated hydro- 
chloric.acid (10 ¢.c.) added and the mixture refluxed on a steam-bath for nearly 3 hours. On 
cooling the solid obtained was crystallised from alcohol, m.p. 275°. (Found: Equiv., 280'1, 
Ci.H,0, requires Equiv., 278). 

The acetyl derivative crystallised from alcohol, m.p. 153-54°. (Found: C, 596; H, 5’x. 
CsH.0 requires C, 59°7; H, 50 per cent). ‘ 

“The C-H determinations are micro-analyses by Prof. T. R. Seshadri, to whom we express 
our thanks. 

We thank Dr. M.S. Shah. Our grateful thanks are expressed to Dr. R. C. Shah, F.N.I. 
for his sympathetic interest. 
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BEHAVIOUR OF MERCURIC CHLORIDE AND DETERMINATION OF 
: ITS PARACHOR. 


By W. V. BHAGWAT AND P. M. Tosniwat. 


Although the solubility of mercuric chloride in organic solvents and its low conductivity at ordinary tempera- 
tures are in favour of co-valent nature of mercuric chloride, yet the fact that mercuric chloride is an inorganic 
metallic salt and that it has abnormally high temperature coefficient of conductivity and that it has coagulating 
power like other electrolytes confirm its electrovalent character. From results of boiling point measurement 
mercuric chloride is believed to form aggregates and that its ionisation may be of a higher order. The results of 
parachor and Raman-effect do not contracdict either views, ; 


The abnormal behaviour of mercuric chloride is well known. Although itis purely an 
inorganic compound, it is more soluble in certain organic solvents. 

Mercuric chloride is a metallic chloride and as such is expected to show a high conductivity 
in aqueous solution. Faraday (Phil. Trans., 1834, 124. 77; 1838, 128, 83) first established the very 
low conductivity of mercuric chloride both in solid and molten states. A complete reference to the 
conductivity work may be found in’a paper by Joshi and Solanki (J. Indian Chem. Soc., 
1940, 17, 627). 

In view of this interesting behaviour of mercuric chloride we have tried to see whether deter- 
mination of parachor throws any light on its constitution. ‘The experimental procedure is the 
same as in our previous paper (J. Indian Chem. Soc., 1942, 19, 149). Our results are recorded 
below. ’ 


y=surface tension of the solution. Pm = parachor of the mixture. Ps = parachor of the 
solute. x«=molar fraction of the solute. 1-x = molar fraction of the solvent. d = density of 


the mixture. 
TABLE I. 
Parachor in ethyl alcohol. 


Parachor of absolute alcohol = 124'9, 


x Temp. d. x. Pm Px, *% Temp. d. ¥ Pu, Py, 
0 01592 30° 0°8352 20°82 126 1 2010 00205] 30° 0°8640 2194 1269 219'4 
50 o 8166 18°62 126 2 207'8 0°02546 40 0'8732 19'2p 126'9 208 1 
70 0°7962 16°78 126° 201'0 0°02783 30 98822 2I'4r 127°6 202 9 
Taste IT. 


Parachor in methyl alcohol. 


Parachor of methyl alcohol =88'98. 


_ Temp. a, a Pm Ps. 
35° 0°8608 24°67 go"90 236°5 
45 0°8507 23°96 grat 259°6 


60 0'8328 ar'8y gr°20 39°64 ~ 
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Tape III. . 
Parachor in ethyl acetate. 


Parachor of ethyl acetate =213 0. 
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X=0 03558 


2% = 0°0$20 
Temp. da. ¥. Pu. Ps, Temp. da. y. Pri* Px, 
30° 09581 2297 ai4’o 2439 30° 0°9729 24°78 212°2 191°I 
40. 0°9491 21°82 213°7 234°4 40 0°9607 ar'98 2130 213 6 
60 0 9168 19°08 21303 2219 50 0°9449 20 67 “2133 2220 
65 0'9103 18 14 212'9 209°4 ~=0 2755. 
x =0 03992. 30° 0 9523 42°45 212°7 203 a 
30° o'9811 22°76 212'2 193°0 50 0 9266 20°22 212°9 210 5 
40 0'96g0 2I'o4 a1a°9 210°4 60 o’or1r 18°87 2128 206'9 
Tasie IV. 
Parachor in acetone. 
Parachor of acetone = 159°6 
X=0 02327 \ #=0 04345. 

Temp. - 4 x Pm, Px. Temp. ¥. Pu, Px. 
15° 0°8666 23°64 x60°2 210'2 15° 0°9317 24°71 16r'0 186 3 
a0 0°8632 43°09 159°9 163°3 200 0°9274 24°23 160'9 184 1 

a5 0°9243 23°69 1606 1771 
TanLe V. 
Parachor in pyridine. ; 
Parachor of pyridine = 198°2. 
%=0 02328 : 

Temp. d, om, Pa. - Px, Temp. d y. Pm. Px, 
30° 1°039 36°34 1974 1546 so°  r0Ig. 33°83 197°6 171°8 
40 1030 35°34 197°5 167°6 60 r'008 = 3260 197 8 180 4 


It is interesting to note that pyridine and mercuric chloride form 


pounds of the type HgClg'2 Py, HgClg’4 Py etc. 


Taste VI. 
Parachor in distilled water. 


Parachor of distilled water = 52°29. 


%= 0004844. x 
Temp. d. x Px, Pm. Temp. a Y- 
75". T'054 7Verr 52°93 187°8 a5° xX 045 69°95 
35 1 050 70°13 53°00 202°3 45 1036 67°72 
45 1046 69'01 52°98 198 1 55 17033 67°01 
55 x°O4I 67°54 52°90 181°7 75 yoar 06°49 
75 1°030 64°85 52°93 187 8 


5—1427P—13 


co-ordination’ com- 


= 004199. 
Py, Pu, 
52°77 169 5. 
52°79 173 3 
52 82 189 9 
52 OL 90274 
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The calculated value of parachor of mercuric chloride is about 180. 

Our view (J. Indian Chem. Soc., 1942, 19, 225) that-when atomic and ionic parachors are 
the same no idea can be formed as regards amount of ionisation seems to be confirmed from these 
observations... Ray’s work (ibid. 1938, 18, 43) suggests sniallér values for ionic parachors. Hence 
our. results indicate low ionisation which supports conductivity results. Our boiling point resuits. 
which are given below indicate higher ionisation at boiling point “and has confirm the high tem- 
perature coefficient of conductivity for mercuric chloride. - ° 

* Jone’s work-(Carnegie Inst. Washington\ 1907, p. 60) rules out solvation of mercuric 
chloride. The high molecular weight of mercuric chloride jn organic solvent suggests a 
tendency to complex formation. It is natural therefore to infer that in water also mercuric 
chloride forms complex aggregates with higher order of ionisation as suggested by Joshi and 
Solatiki (loc. ctt.). 


TABLE Vil. 


ie , > : . ° 


Molecular weight of mercuric chloride. 


. ale 


In H;0 In Et acetate. In Rt OH’ ° In'MeOH In pyridine. In acetone 
Solvent=24'95 g Solvent=22'2. Solvent=19 46g  Solvent=19°79 Solvent=24 28 g  Solvent=19 42 g. 
Keolvent = §20 Keolvent = 2790 Kaolvent = 1150 Keolvent = 880 Keolvent= 2710 Krolvent = 1670 


AgCl, M.W HgCl. MW HegCh.- -M.W Hg, M.W , HgCl, M.W HgCl .M.W 
2'4920 8. 225:7 1925 g. 3024 > 2 8984g. 3059 51680g 3024 250028 3291 465768. 3367 


476010 2459 35216 2949 _ 478964 298'0 §=—s 70574 2852 + «45376 - 3042 62784 3.233 


‘ 


6°2778 = 2474 56718 = 995. 7°-- 7°2804 = 293.0 = 83374 ‘2787 «= 64316 = 29628 2386 3 14°9 


Bossa =. 2583 69076 = 289°5 eT dak ths 


We have studied the coagulating powét of mercuric ‘chloride. The sols employed were those 
of arsenic sulphide, antimony sulphide and mangenese dioxide. In arsenic sulphide the order of 
coagulating power is Al >Hg >Ba> K. In, antimony sulphide the order is the same. However 
in manganese dioxide sol the order is Ba>Al>Hg. These abnormal results are in accordance with 
the results obtained by Ganguly and Dhar (J. Phys. Chém., 1922,'26, 70, 836), Dhar, Sen and 
Ghosh (ibid., 1924, 28, 457), Chakravarty and Dhar (ibid., 1927, 345 997), Chatterji and Dhar (Kol- 
loid Z., 1923, 88, 18). The high coagulating poNes of mercuric chloride supports its electrovalent 
* nature. ef 
F Mercuric ehlonde Shae Raman line but this dees Hot contradict its electrovalent nature 
(cf. West and Arthur, J. Chem. Phys., 1934, 4, 215). Moreover Fajan’s rule requires mercuric 
chloride to be electrovalent. 


Our thanks are due to Dr. 3 5, Joshi of “Benares Hindu University for suggesting this 
problem. ‘ 
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SYNTHESIS OF 2: 4.DIMETHOXY. AND 2: 4,DIHYDROXY-]SO-PHTHALIC ACIDS. 


"By ass) KS... RAQHA;AND-R..C- Swan... - 


THe hithérid ufikhowit z 4-dihydroxytsoptithalic acid dnd the- éérresponiding ‘a: <4-dimethoxytsophthalic acid 
have been synthesised by the -oxidation ‘of 2: _4-dimethoxy- -3~formyl-behzoic acid, prepared by Shah and Léitalla's 
modified Gattermann reaction, with alkaline potassium permanganate. The. euneoans acid has been’esttrified 
and demethylated to the cortespontlinig 2: 4- dikydroxyisophthalic acid -.--" - 


& 


Aithough 4:' 6: -ditnethdxyisophthalic. acid and the corresponding ee acid: has’ been. 
known ‘for 4 long time (Hijkmeh, Bergenia, Henrard, Chem: Zental., 1905 I, 816) the isomeric 
2:  4-dihydroxyisophthalic acittand its dimethyl: ether are hitherto unknown. ‘The structure of 

: 4-dihydroxyiséphthalic acid was assigned to the product of carboxylation of B- or y-resorcylic 
ae by hedting- them with ammonium carbonate and water in a sealed tube (Senhofer, Brunner, 
Sitzungsber. A. Akad. Wiss. Wien, 80, LI, 504; 506). However, Spath, Kiager and Schloseer 
(Ber., 1932, 64, 2206) proved that this’ so-called 2: 4-dihydroxyisophthalic acid was really the - 
4 :6-dihydroxyisophtbalic g acid, identical with that prepared by ‘Hijkman et al (loc. cit.). S 

Spath obtained 2: 4-dimethoxyisophthalic acid “a$* an ‘oxidation product of osthol (Spath 
and Pesta, Ber., 1934, 67, 853). He did not isolate the acid but he characterised if as the anilide 
‘Which 9 was” “prepared through the acid chloride. - The obviow’ difficulty “in the synthesis of such 
an’ ‘acid’ is? the ihtroduction’ of : “CODH™ group ‘in the “2 “or- ¥-position. The introduction of 
CHO group m the ‘2’. or y-position shad already been: achieved by Shah and Laiwalla (J..Chem. 
"Sob, ‘1938; *¥828). - 2: a pinetheay, and 2 4-djhydroxytsophthatic: ae have been synthesised = = 
ftom’ thé aldehyde.” oe i 

Methyl Ze 4-dittydroxy- 3-formylbenzoate (Ids prepared by the modified Gattermann 
‘reactioti (Shah © and _Taiwalla, loc. ‘cit.) ° on methyl B-resorcylate. -The “‘dimethoxy derivative of 
the corresponding “acid ° (i is obtained “by” the methylation of the formyl ester. The dimethoxy 
acid is then oxidised with alkaliné potassium permanganate to 2: 4-dimethoxyisophthalic acid 
(am. . This is is ‘then ° debnethylatéd” tor ‘2: 4-dihydroxyisophthalic acid ay) r ‘by ce ine it: eich ‘ 
“anhydtous dluntinium chlotide in ‘benzene ‘solution. BAER Mace ti ies 8 ON aS 
ao The" finiethoxy, acid” ‘cin “ebter ification with - methyl “alcohol and sulpHturic ‘acid’ affords a 
‘eis of © the ‘mono tana | tHe” aiinetiivt ‘ester, "viz, metliyl 2° f-dimethoxy-3- carboxybenzoate 

=H" and'R! =Me) ‘¢ ot 2°: 4 -diniethoxy 23+ “carbmethoxybenzoit “acid {V, R=Me and’R=H), 
ai ‘methyl 3 2: * gdimethoxyisophthdlate - (Vv, R= R/=Me): ‘The monomethy} ester is assumed: 
't6 have thie -structtire of methyl y-2: #-dimethoxy= -secarboxybenzoate (V; R=H and R’=Me), 
as there is wery little ee of ie ae group in Oe 2’ position of being esterified: due- 
‘to steric'Hindratice.” we oe : : a ae RS . 
ee a onene. ‘Ts. e's 1 COOH - 


> 


Be - pS rio” 
ceo - 
: loan a se So MeO(YOMe . 
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ooMe »..: ‘4 soon Cooul 
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“Methyl 2:74: -dihydroxy- oa férmylbenzoate , fl), was preparad: by» the’ modified Gattermann 
teaction ,pn, methyl-A- ~resorcylate 2adcbiding {6 Shah and-Laiwalla {to8.vit:) and--wassubsequently 
et to 2: atincieesy fee eee acid (Hl) also accoRdiig to thetsamne'a ‘authors é z 
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Oxidation of 2:4-Dimethoxy-3-formylbenzoic Acid to 2 :4-Dimethoxyisophthalic Acid (Ii). 
—The oxidation of the formyl] acid was attempted in different ways under different conditions with 
different quantities of potassium permanganate and using different solvents, and the following 
method was found to be the best. 

2: 4-Dimethoxy-3-formylbenzoic acid (5 g.) was dissolved in sodium hydroxide solution 
(soc.c., 10%). Potassium permanganate (25 g.) was then added to the alkaline solution in small 
quantities at a time during about an hour, the mixture being cooled at intervals whenever necessary. 
At this stage, the solution turned pink, when sodium bisulphite (4 g.) was added to it to reduce 
the excess of potassium permanganate when the solution acquired a greenish tint. The manganese 
dioxide was filtered, the solution acidified with hydrochloric acid’, concentrated and extracted with 
ether after salting. On the evaporation of ether a white solid was left which was dissolved 
in sodium bicarbonate solution (5%), acidified with hydrochloric acid and the salted soluticn again 
extracted with ether. A white solid, m.p. 218-20°, was obtained which crystallised from benzene. 
in small shining micro-crystals, m.p. 222-23°, yield o'6g. (Found: C,53°1, H, 4°3. CusHiOc 
requires C, 53'1 ; H, 4°4 per cent). . 

The precipitated manganese dioxide on boiling with sodium hydroxide (5%) and acidifying 
the alkaline filtrate with hydrochloric acid and subsequent extraction with ether, yielded some 
more quantity of the acid, total yield 0'8 g. 

The acid gave effervescence with sodium bicarbonate solution and did- not react with 
2: 4-dinitrophenylhydrazine. It was very soluble in methyl and ethyi alcohols, acetone, and 
fairly soluble in hot water, from which it was crystallised in long needles, m.p. 220-21°. 

Methyl 2: 4-Dimethoxy-3-carboxybenzoate (V, R=H, and R/=Me) or 2: 4-Dimethoxy- 
3-carbmethoxybenzoic acid (V, R=Me* R'=HB) and Methyl 2: 4-demethoxyisophthalate. (V, R= 
R’= Me). 

2: 4-Dimethoxyisophthalic acid (o°4 g.) was dissolved in methyl alcohol {12 ¢.c.). 
Concentrated sulphuric acid (r'2 c.c., d, 1°84) was then slowly added to the solution and the 
mixture reflixxed on a water-bath for 4 hours. At the end of the reaction, the reaction mixture 
was poured on to cold water, the solution salted and extracted with ether. ‘The oily product obtained 
on the evaporation of the ether was treated with sodium bicarbonate solution (5%) and filtered. 
The insoluble portion, which was the dimethyl ester of the acid, crystallised in colourless long 
needles from hot water, m.p. 78-80°, (Found: C, 564; H, 5°3. CisHuO« requirés C, 56°7 ; 
H, 5°5 per cent). 

The sodium bicarbonate-soluble portion, which was the monomethy] ester of the acid, was 
recovered by acidifying the filtrate with bydrochloric acid and subsequent extraction with ether. 
The solid, obtained on the evaporation of the ether, crystallised in tiny pinkish needles from hot 
dilute alcohol, m.p. 150-51°. (Found: C,54°4; H, 5°2- CyHi.0, requires C, 55’0, H, 5’0 
per cent). It gives effervescence’with sodium bicarbonate solution and gives no colouration with 
alcoholic ferric chloride. 

Demethylation of 2 : 4-Dimethoxyisophthalic Acid 2:4-Dihydroxy-iso-phthalic acid (IV).— 
2: 4-Dimethoxy-iso-phthalic acid (0° 3g.) was dissolved in petroleum ether and anhydrous 
aluminium chloride (1 g.) was added to the solution which was refluxed on a water-bath 
for 2 hours. The solution was then filtered and on the evaporation of the petroleum ether 
the aluminitm chloride was decomposed with dilute hydrochloric acid (20 ¢.¢., 1: 1) and the 
solution salted and extracted with ether. On the evaporation of ether the colourless solid 
obtained was crystallised from hot water in tiny pinkish needles, m.p. 179-81°. (Found: 
C, 482; H, 32. C,H.O, requires C, 485; H, 3°0 per cent). It gives effervescence with 
sodium bicarbonate solution and a red colouration with alcoholic ferric chloride. 

The preparation of the mono and the dimethyl’ esters of 2: 4-dihydroxytsophthalic acid is 


being attempted. 
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CHLORINATION OF BENZOIC ACID. 


By H. G. Biswas anv S. J. Das-Gupra. 


When benzoic acid is chlorinated with hydrochloric acid and potassium chlorate two isomeric chloro-benzoic 
acids are obtained. These acids have been found to be 3 : 4-dichloro- and 2 : 5-dichlorobenzoic acids. 


‘It was shown by three contemporary workers (Pfeifer, Ber., 1871, 8, 658; tbid., 1872, 6, 715; 
Beilstein, Annalen, 1875, 179, 291 ; Claus, Ber., 1872, 6, 721) that benzoic acid on chlorination by 
potassium chlorate and hydrochloric acid gives two isomeric dichlorobenzoic acids. The methods 
adopted by these authors are practically the same. One part of benzoic acid was refluxed with 60 
parts of 20% hydrochloric acid to which were slowly added 3 parts of potassium chlorate in concen- 
trated solution. On evaporation of the reaction mixture, the two isomeric dichlorobenzoic acids were 
obtained as solid crystalline mass. The two acids were separated by fractional crystallisation of 
the total barium salts from water. ‘The acid which was obtained from less soluble barium sali was 
called a-dichlorobenzoic acid and that obtained from more soluble barium salt was called 8-dichloro- 
benzoic acid. ‘These authors did not assign any position of the chlorine atoms in the two acidse=—— 
Afterwards, Seelig (Annalen, 1886, 287, 12g) ina review of dichloro toluenes and dichlorobenzoic 
acids described the a-acid as 2:3-dichlorobenzoic acid (I) and 8-acid as : 4-dichlorobenzoic acid (II). 


eo ee om ci’ \cooH 
_ XA lve cK) 


Cl 
Cl 


(1) (1) (ILI) (IV) 


It has been conclusively proved by the present authors that the a-dichloro—and f-dichloro- 
benzoic acids obtained by chlorination of benzoic acid by potassium chlorate and hydrochloric acid 
by Pfeifer, Beilstein and Claus are 3 : 4- and 2: 5-dichlorobenzoic acids respectively (III and IV). 

The a-dichlorobenzoic acid has been found identical by mixed melting point with an authentic 
specimen of 3:4-dichlorobenzoic acid synthesised from 3 :4-diaminotoluene by Sandmeyer’s reaction 
and subsequent oxidation. The 8-acid has similarly been identified with 2 : 5-dichlorobenzoic acid 
obtained from 2: 5-diaminotoluene. 


ExPEHERIMENTAL. 


Chlorination of Benzoic Acid.—1200 C.c. of hydrochloric acid (20%) and 2u g. benzoic acid 
were heated in a flask on wiregauze and a concentrated aqueous solution of 60 g. potassium chlorate 
was added slowly within a course of 3 to 4 hours. Heating was then continued for several 
days. On evaporating off the reaction mixture on steam-bath a crystalline mass of a mixture 
of two dichlorobenzoic acids was obtained. 

The crystalline mass was converted into barium salts by heating for 1 hour with excess 
of barium carbonate in about 200 c.c. of water. It was filtered while hot and the filtrate on cooling 
yielded crude barium salt of o-dichlorobenzoic acid. The mother liquo: was evaporated on steam- 
bath to a small bulk and cooled when crude barium salt of §-dichlorobenzoic acid was obtained. 

The crude barium salt of o-dichlorobenzoic acid was crystallised from water and decomposed 
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by dilute hydrochloric acid by warming. After cooling and filtering, o-dichlorobenzoic acid was 
obtained. ‘This was purified by repeated crystallisaiion from benzene and was finally obtained as 
colourless needles, m.p. 208-9°: ' (Found : Cl, 36’92- Calc. for C,H,0,Cl,: Cl, 37°17 per cent). 
Mixed melting point of this product with an authentic specimen of 3 : 4-dichlorobenzoic acid was 
not depressed. ‘T‘he specimen was obtained. in the following way. : 3: 4-Diaminotoluene after 
: Sandmeyer’ s reaction with cuprous chloride in the usual way furushed 3 : 4- -dichiorotoluene which 
was oxidised to 354 -dichlorobenzoic acid -by ‘heating with concentrated ‘nitric acid in asealed tube. 


The crude barium salt of B. dichlorobenzoic acid was crystallised froin as little water as 
possible and was similatly decomposed as in the previous case. _ The B-dichiorobenzoic acid which 
was obtained was purified \by. repeated crystallisation from watet, and was finally obtained_as 
colourless needles, m.p.. 154°. .(Found-.Cl, 36'89.. Cale. for ‘C,H,O.Cla.: Cl 37°17 percent). 
Mixed melting point of this product with an' authentic specimen.of 2: 5-dichlorobenzoic acid was 


not depressed. ‘The specimen. of '2: ee acid’ was obtained fiom 2: 5- alas mololuene Do 
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OXIDATION OF RESORCINOL: BY HYDROGEN: PEROXIDE: IN PRESENCE OF 
- - - TUNGSTIC ACID SOL AS CAFALYST. 


he at, 3 By B, C. Kan. 


Oxidation of ieaarcaat ‘by means of hydrogen peroxide in presence ‘of tungstic acid sol has been curried out. 
The nafure of the end-products aid als6 the eInetice of the reattion fiave béen Studied’ 


‘The author i in his previous pablications (J. Tidcin, C —_ Sous 1938 18, 291) has carried out 
the oxidation of some of the phenols.by means of hydrogen peroxide in- presence of tungstic acid 
and molybdic acid sols. In this paper, thé oxidation of resorcitiol by means of hydrogen peroxide 
in presence of tungstic.acid sol has been described. . 
As end-products of the reaction, carbon dioxide and maleic: acid have been found outs. veuten 
dioxide has been estimated quantitatively by absorbing in dry soda-lime.. It-has been found that 
137°3 mg. resorcinol gives 197 mg. carbon dioxide. Maleic acid has been extracted with ether 
after the reaction is ‘comipléte. — 
The mechanism of the reaction as regards the intermediate products and also any other final 
praducts are in the course of investigation The equation nay be finally expressed as —— 


“se 


’ C,H.(OH), oa — C,H.H,+2CO,+H,O. ~: see) 


Maleic acid 
Measurement of Kinetiés. 


Resorcinol of chemically pure grade (Meick) was taken and dissolved in water. In all] our 
experiments we used redistilled water and Scherring-Kahlbaum’s hydrogén peroxide. The sol was 
prepared by the addition. of saydeochione acid to sodium Sun ESAS which reacts eon to the 
saustion at “a . , ™ 


“4Na,WO, +6HCI= Na,O, 4WOs+ 6NaCl- + 3H,0. 


In order to study the kinetics, the pressure of carbon! dioxide developed dieing the course of 
the experiment was measured at coustant volume using high concentration of hydrogen peroxide. 
To determine the velocity.coéfficient the following expression was used 


PoP. Se 


be log 

" ty —t; EP, Bi ; * 
where Pi, is s the pressure in cm. of mercury at any time ¢, (in minutes) and Pf is the the pressure 
at time t,, Pa is the pressure that should develop when the reaction is complete. It may be ob- 
tained by means of the equation 


y223. + Vya 
Po 


where X =the volume of gas evolved inc.mm. at N. TI, P. which may be easily obtained from the 
amount of carbon dioxide formed. The amount of carbon dioxide can be calculated 
from the equation (i) or experimentally determined by absorbing in soda-lime, 
h=corresponding reading of the manometer=P.q. 
=the volume of the gas space in the vessel. 
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T=absolute temperature of the water bath. V,s=volume of the liquid in the vessel, «=the 
solubility of carbon dioxide in the liquid of the vessel at N.T.P.=0'759 (Bohr, Ann. Phys. 
Chem.; 1899, 68, 504). P 9 =nornial pressure= 760 inm. mercury. : 


‘The experiments were carried out in a Warburg-Barcroft apparatus, The increase ‘of pressure 
due to the production of carbon dioxide was indicated by a manometer, filled with mercury. The 
total volume up to the constant mercury .level in the manomcter was 484 c.c. and was determined 
by filling the vessel and the tube with mercury. The reaction mixture occupied 1oc.c, No 
carbon dioxide was formed by the action of hydrogen peroxide on resorcinol in absence.of the sol.” 
The whole system was shaken 55 to 60 times per minute throughout the experiment. ‘The vessels 
were completely immersed in a big thermostat which was maintained at the required temperature. 
To correct for the changes of temperature and the barometric pressure a similar véssel which 
contained only water was used. It was-always observed by keeping strict control in which the - 
carbon dioxide was absorbed by caustic potash in a suitable reservoir that there was very slight 
spontaneous decomposition of hydrogen peroxide during the course of the experiment. The 
experimental results are given below. ; 


Tang I. = TABLE II. 

” Effect of varying the cone. of resorcinol. Effect of varying the conc. of HgO3 
Temp.=28°. pa=1'18. H,0,=0°72M Temp.=28°. po=1'18. Resorcinol=0'025M. 
Sodium tungstate=o'o1M. Sodium tungstate—o'o1M. 

Resorcinol (M} 000625 0 0125 0°035 HO, (M) o 18 0°36 0°74 1'08 
k (mean) o'00rs 00017 0'0018 k (mean) OOO1L 0 0015 o'0018 0'0020 
TABLE III. Tasie IV. 
4 \ 
Effect ot varying the conc. of sodium. tungstate. Effect of varing the pz. 
Temp.=28°. pa=1'18. H,0,=0'72M. Temp.=28°. Resorcinol=o'o025M. 
Resorcinol=0'025M. : H,0,=0'72M. Sodium tungstate=o'orM. 
Sodium tungstate (M) —0°00§ “oor O'OI5 0°02 pu 118 2°5 43 2 
k (mean) © OOII o°0018 0°0024 070029 k 00018 0'0019 00017 


The oxidation can similarly be carried out in presence of molybdic acid sol. Pass 2 7 
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NEW COMPOUNDS OF GALLIUM. PART V. GALLIUM ALIZARIN LAKES, 
GALLIUM SALTS OF GEOMETRICALLY AND OPTICALLY ISOMERIC 
ACIDS AND DOUBLE SULPHATES WITH ETHYLENE. AND 
PROPYLENEDIAMINE SULPHATES. 


By PANCHANAN NEOGI AND Kanar Lat, MonDAL. 


Gallinm alizarate and gallinm-calcinm alizarate have been obtained. These ‘lakes’ are red in colour, the 
gallinm lake being as scarlet as the corresponding aluminium compound and the calcium-gallium lake dull red in 
colour. These can be fastened on cotton, woolen and silk fabrics. Other salts prepared are d- and }-gallinm 
camphor sulphonates and their optical rotations have been measured Ethylene-and propylenediammonium gal- 
lium sulphates have also been prepared. 


In the present paper more new compounds of gallium are described. Two gallium lakes with 
alizarin have been prepared. One is gallium alizarate, the other is calcium-gallium alizarate. ‘The 
gallium lake is obtained as a scarlet precipitate and has- the composition Ga (C,,Hi7;0,)s like the 
corresponding aluminium and trivalent iron and chromium alizarates(Mahlau, Ber., 1913, 46, 443). 
It dissolves readily in ammonia and other alkalis and should contain one hydroxy! group. The 
compound may be represented as 


( cat. on.) 6a 


Jf the solution of gallium alizarate in ammonia is treated with an equivalent quantity of 
calcium chloride the remaining hydroxylic hydrogen is replaced by the bivalent metal and 
calcium-gallium alizarate is obtained asared precipitate. The compound has the composition 
Ga,Ca;(C,,.H,O,), and may be represented as . 

CO Oo Cas 
(ca CHC >) 
CO O° /,Ga, 

. This compound is analogous to the corresponding aluminium, iron and chromium lakes 
containing calcium obtained by Mahlau (loc. cit.). ‘The two compounds are stable substances and 
may be precipitated as red dyes on cotton, woolen and silk fabrics in the same manner as aluminium 
alizarates are used as a dye, the gallium lake being as scarlet asthe aluminium lake. The 
red dye obtained as calcium-gallium-alizarate has a léss scarlet shade than the gallium alizarate. 

In our attempts to prepare gallium salts of geometrically and optically isomeric acids, it has 
been possible to prepare a gallium salt of maleic acid by dissolving freshly prepared gallium 
hydroxide in maleicacid but gallium fumarate could not be obtained in a similar manner. Both 
d-and l-camphorsulphonic acids also dissolved freshly prepared gallium hydroxide and gave 
dextro rotatory-and laevo rotatory camphorsulphonates respectively. The optical rotations of these 
compounds have been measured in aqueous solutions. Other compounds described are the double 
salts of gallium sulphate with ethylenediamine and propylenediamine sulphates, 


Be. ExPERIMENTAL. ‘ 


Galllum Alizarate.—A concentrated aqueous solution of potassium alizarate was prepared. 
When it was added to an aqueous solution of gallium nitrate or sulphate, a scarlet precipitate of 
gallium alizarate was at once formed. It was filtered, washed thoroughly with water and then 
dried in air. ‘ [Found : C, 63°24; H, 2°66; Ga, 8'21. (CuH,O,),Ga requires C, 64'04; H, 2'7; 
Ga, 8°89 per cent]. 

6—~1427P—12 
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It is insoluble in water but soluble in alcohol. It dissolves readily in ammonia. Gallium 
alizarate is a fast lake for cotton fibres. ‘The fibre is first dipped into a solution of alizarin in 
caustic soda or caustic potash and afterwards into an aqueous solution of a gallium salt. The fibre 

is then dyed deep red which cannot be washed out by soaping. Fibres of wool and silk can also be 
dyed using gallium alizarate as a lake. 

Calcium-gallium Alizarate. —Gallium alizarate e g.) was dissolved in ammonia when a violet 
solution was obtained. Calcium chloride (0'5 g.) was also dissolved in water. ‘The two solutions 
were then mixed. At once a dull red precipitate appeared. ‘he precipitate was allowed to settle 
and then filtered. After washing thoroughly with water it was dried in air. [Found: C, 59'03; 
H, 2°42; Ga, 8'or; Ca, 7°56. (Ci4H.0,),Ga,Ca, requires C, 59°71: H, 2°13; Ga, 8°29; Ca, 
7rx percert]. It is insoluble in water and ammonia. Calcium-gallium alizarate is a fast lake for 
cotton, wool and silk. / 

Galliunt Maleate.—Excess of freshly prepared gallium hydroxide was treated with an 
aqueous solution of maleic acid when a portion of it dissolved. ‘The undissolved hydroxide was 
filtered “off and the filtrate evaporated in a vacuum desiccator over sulphuric acid. It could also be’ 
evaporated on a water-bath. ‘T‘he solid obtained was crystallised from water and analysed after 
drying in air for two days. [Found: C, 27°85; H, 2°16; Ga, 27°32. (C4H.O,); Ga,, 2H,O 
requires C, 27°8 ; H, 1°93; Ga, 27°03 per cent]. Gallium maleate is a white crystalline substance. 
It is soluble in water and is not decomposed by boiling with water for a short time. 

Gallium dextroCamphorsulphonate.—It was prepared by dissolving gallium hydroxide in an 
aqueous solution of d-camphorsulphonic acid and evaporating the solution obtained in a vacuum 
desiccator over sulphuric acid. It was pufified by crystallisation from water and analysed after 
drying between folds of filter papers. [Found: S, 11°24; Ga, 8°23. (CioHisSO,)s Ga, 3H30 
require S, 11°75; Ga. 8°57 per cent]. 5% Solution gave [o]3?=18'6; [M]=+152. The camphor- 
sulphonate is very soluble in water. It is also soluble in alcohol. . 

Gallium laevoCamphorsulphonaté.—It was obtained as a crystalline solid like the dextro 
compound by using freshly prepared gallium hydroxide and I-camphorsulphonic acid. [Found : 
S, 11°16; Ga, 8°49. (CioHisSO.)3 Ga, 3H,O requires S, 11°75; Ga, 8°57 percent]. Itis 
similar in properties to the dextro compound except that it is laevorotatory in solution. 5% 
Aqueous solution gave [e]3*=—19. [M]=—155. , 

Ethylenediammoniun Gallium Sulphate —Saturated aqueous solutions of ethylenediamine « 
sulphate and gallium sulphate taken in equimolecular proportions were mixed. ‘The double 
sulphate was then precipitated by the addition of alcohol and ether to the mixed solution. It was 
then crystallised from water and obtained in the form of colourless plates. [Found: N, 3'52; Ga, 
17°91; SO,, 48°37. Gas(SO,)s, CsH.(NH;),SO,, 12H,O requires N, 3°49; Ga,17°46; SO, 47°88. 
per cent]. It is soluble in water but insoluble in alcohol. On keeping, it did not change and 
remained completely soluble in water. 

Propylenediammonium Gallium Sulphate.—It was obtained as the ethylenediamine com- 
pound by mixing together saturated aqueous solutions of a molecule of propylenediamine sulphate 
and a molecule of gallium sulphate and precipitating by means of alcohol and ether. [Found: N, 
3°69; Ga, 17°81; SO,., 465. Gas(SO,)3, C3Ho(NH3)sS80,, 12H,O requires N, 3°43: Ga, 17°16; 
SO,, 47°06 percent]. In crystalline form and properties it is similar to the corresponding 
ethylene diammonium compound. 


Cumsrical, Laporatory, 
PRESIDENCY COLLEGE, 


Carcorra Received October I, 1942. 


——_— . 


“ 


ON’ THE, PHOTOBROMINATION OF CINNAMIC ACID iN ULTRAVIOLET 
LIGHT OF 254yp. 


By J. C. GuosH anp S. K. BoarracHaryyva. 


The kinetics and- mechanism of the bromination of cinnamic acid in ultraviolet light of 254upu in solution of 
carbon tetrachloride have been studied im details. Resnlts which have beem found are quite different from those 
found with visible light by various workers The reaction is unimolecular with respect to bromine as well as with 
respect fo cinnamic acid. The velocity constant is directly proportional to the intensity of radiation absorbed by 
cinnamic acid and is independent cf the nature of polarisation of light. ‘The temperature coefficient and the 
Quantum efficiency are more than uuity, A mechanism dnvelving activated cinnamic acid molecules has been 
suggested. 


_ The photobromination of cinnamiqacid and stilbene has been investigated by various workers, 
notably by Berthoud and Béraneck (J. chim. phys., 1927, 24, 213) and by Ghosh and Pura- 
kayastha (J. Indian Chem. Soc., 1926, 8, 262; 1927, 4, 409; Z. physikal. Chem., 1930, B, 9, 154) 
in non-polar solvents like CCl,, CS,, etc. It is generally.agreed that in these photobrominations 
in visible light, bromine atoms are the photoactive agents which start a chain reaction and the 





velocity is given by the equation, = 
_ I[Bre] oy Vad keLA] 
dt 2 [Bra] ke * hath | 


The object of the present investigation was to find oa whether any bromination could be 
carried out in ultraviolet light of wave-length 254up~ which is very slightly absorbed by bromine, 
but‘completely absorbed by cinnamic acid in extretnely dilute solutions. 

Ghosh and Biswas (Z. Elektrochem., 1924, 80, 97) have investigated the molecular extinction 
coefficients of cinnamic acid in wave-length 254uez and found it to be about 10,000. Thus in 
254 He cinnamic. acid is the absorbing substance while bromine acts as an acceptor molecule. 


REXPERERIMENTAL. 
4 The experimental arrangement was the same as was described by the authors in previous 
works (Z. physikal. Chem., 1936, B, 828, 145; J. Indian Chem. Soc., 1941, 18, 257) with a few 
alterations :——(a) The reaction cell was 1°8 cm..x 1'8 cm. Xo'5 cm. thick and made of plane quartz 
plates fused into one another with a stopper at the top; (b) the spectral region 254 pe was isolated 
with the help of a quartz cylindrical cell containing a strong solution of bromine (o'2M) in CCL, 
placed in front of the window between the lens and the reaction cell. 

Merck’s extra pure cinnamic acid further purified by crystallisation and Merck’s extra pure 
‘reagent’ bromine were used throughout. Merck’s extra pure CCl, further purified by distilla- 
jon over'fused CaCl, was used. ~ 

Determination of the Velocity of Reaction.—The velocity of the reaction was determined 
by pipetting out 0°32 c.c. of the reaction mixture and titrating iodometrically with o’orN-thio- 
sulphate solution by means of a microburette. The reactions were carried out at 31° and 41°. 

The light passing through the bromine filter containg much red light which was found to 
be not altogether ineffective in bringing about the photochemical bromination of cinnamic acid. 

To eliminate the effect of red light the following arrangement was made. Two experiments 
were done for each composition of the reaction mixture. One, with the total light emerging 
through three quartz cells containing pure water, o'aM bromine solution in CCl, and lastly, pure 
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carbon tetrachloride placed ‘in series; the other, with the light emerging through three quartz 
cells in series containing pure water, o'2M bromine solution in CCI, and lastly a strong solution 
of cinnamic acid in CCl, (0°25M). In the first case the velocity of reaction was due to radiation 
254 pp and to red light. In the second case it was due to red light only as the cinnamic acid 
of 0'25M strength completely absorbed the 254 pp radiation. 

Measurement of Intensity.—The intensity of radiation (254 uu) absorbed by the cinnamic 
acid solution was measured by means of a Moll galvanometer and Moll thermopile, calibrated by 
means of a standard lamp supplied by the “Bureau of Standards’. ‘The intensity was measured 
by noting the deflections when the light passed (a) through bromine filter alone, and (b) bromine 
filter +cinnamic acid filter. The difference in deflections in the two,cases gave the intensity of 
254 we radiation absorbed by the cinnamic acid. a 

All the experiments in this investigation were finished within one hour of the exposure 
during which no dark reaction was observed perWcen® cinnamic acid and bromine at temperatures 
between 31° and 41°. - 

The experimental data are recorded in TablesI to V. ‘The Sage constant in this investi- 
gation was calculated according to the simple monomolecular equation, viz., 

: kg= = 28 log = 

—o, fe Se é 
where a is the initial concentration of bromine in g. mols. per litre and x, the change in concen- 
tration of bromine in time ¢ minutes. The experimental.data did not fit any other equation. 

One typical experiment is recorded below. 


wv 
° 


Tazre I. a 


a=o'10aM. b (initial conc. of cinnamic acid)=0'05M. Iabs (number of quanta absorbed . 
_ by cinnamic acid per c.c. per sec.) =19'4x 1013. A=asqup. 6 (temp.) = 31° 
ee, | Bae we T,. Te. a er k, x 104 7 myer. 48 
--20 - 085 | >. 0°56 0°29 * 22°6 8° 4 

Ti=titre difference in c.c. of o’orN-thiosulphate corresponding to 0°32 c.c. of the reaction 
mixture when exposed to light passing through bromine “filter for t minutes; T,=titre difference 
in c.c. of o!o1N-thiosulphate corresponding to 0°32 ¢.c. of the reaction mixture when exposed to 
light passing .through bromine filter and cinnamic acid filter in series in time iminutes; T,=titre 
difference in c.c. of o’o1N-thiosulphate corresponding to 0°32 c.c. of the reaction Tuxtare due to 
reaction only for 254 ww in ¢ minutes; and y=quantum efficiency. 


: -- Similar calculations were made in all the experiments and the results are summarised in 
Tables II to V. In the tables 6= 31° and A=254 pp. 


BK 


Tasix II. = SS : . Taare II. 
Effect of varying the concentration of bromine. Effect of varying the concentration of 
ae cinnamic acid. 
#4 ‘Tats. = 19'4°* 10". b=0'0sM ; : Tate. = 34°4 X 10°, a=0°05M. 

. a : kx 10. %. . "2 b. k,xto*. . , “ 
o'102M + 32°6 m8 0075 60°4 75 - 

_ e075. 42°3 88 : 0705 . 4072 | ue Be, 

_ 0054 23°6 : 68 ; 80375. 28°32 39 

0°037 20°6 36 Ng AS OS 0°025 Ig'a A : "2°6 


2. i, 07085 =: 4 20 ~ B66 2 ere Fe ose ‘ eae ade 
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From Table II we see that ky is independent of the -initial concéntration of bromine and 
from Table III, &, is proportional to the concentration of cinnamic acid. 





Tasty IV. i. ~ Tanre V. 
Effect of varying the intensity of radiation . Effect of varying temperature, 
absorbed by cinnamic acid. & 2 
a=o'osM. : Tabs. = 344 X 107°. a=0'05M. 
Tabs.107}?, “, - * kg XIO0*. be : k, x104 
= : Sr a5 db, Ox 31°, ie O=41°. v. 
34°4 o'o75M : 60°4 3 o'05M 40°2 60°9 15 
14" x i 240. ; 07035 19°2 29'0 r°5 
34°4 0°05 4o'2 
Tr: a ay : 4 - footw NT Fi : oy 


From Table IV we \see ‘that ee is directly proportional to the inteaity of radiation 
absorbed by ciaxiamic acid. In Table V, 2 stands for temperature coefficient for 10°-rise. From 
this table we see that the temperature coefficient of the reaction is of the order 15. ee 
~ Reaction in Polarised Light.—The reaction was also carried out iif plain polarised; Saredietie 
polarised and I-circularly polarised lights but no difference was observed in the behaviour of 
unpolarised, plane polarised and d- and I-circularly polarised lights. The velocity constant was 
found to be independent of the nature of polarisation of light. ‘The description and the working 
principle of the polarising apparatus have been discussed in details by Ghosh et al. (J. Indian 
Chem. Soc., 1937, 14, 495). 


DISCUSSION, 


The reaction has the following characteristics : 


(a) ‘The reaction is unimolecular with respect to bromine as well as with respect to cinnamic 
acid; (b) there is no induction period; (c) the rate of reaction is directly proportional to the 
intensity of radiation absorbed by cinnamic acid; (d) the temperature coefficient is 1°5; (e) the 
quantum efficiency is more than unity ; (f) the rate of reaction is independent of the nature of 
polarisation of light. 

The peculiar feature of this reaction is that the rate of reaction is directly proportional to 
the intensity of radiation absorbed by cinnamic acid. Again the quantum efficiency is more than 
unity which indicates that the reaction is attended with some kind of chain formation. The 
following simple mechanism explains all the observed facts. 

A molecule of -cinnamic acid is activated by the absorption of a quantum of radiation of 
2544p. The activated cinnamic acid molecules may be deactivated either spontaneously or by 
collision with inert solvent molecules or with the walls of the containing vessel but may be 
stabilised by collision with unactivated cinnamic acid molecules. The dibromocinnamic acid 
molecules are formed when the activated cinnanic acid molecules collide with bromine molecules. 

Thus 


Ct+thy —>c* rn (3) 
c* —>c = (i) 
C*+Br,—>CBr, . «GD 


where C, C* and CBr, are the molecules of cinnamic acid, activated cinnamic acid and 
dibromocinnamic acid respectively. : 
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‘The rate of formation of C*¥= rE, where E=Nh.v. The rate of deactivation of C* is directly 


proportional to the concentration of C (unactivated cinnamic acid molecules). 


keglC#] 
[C] 


[c*]= I} (FAC) 


Thus the rate of deactivation of C¥= “84+ 


- 


Hence - aBrs] = kB[C*] [Bre] 


ae, UEC) . [Bre] 
2 


=k}! .T/E.[C][Brel. ; dees Aa) 


The relation (a) agrees well with the experimental observation recorded in Tables I to IV 
that the rate of reaction is unimolecular with~ respect to both cinnamic acid and bromine and also 
that the rate is proportional to the intensity of radiation absorbed by cinnamic acid. 7 


a | Department oF Pure & Arpimp CHEMistRy, . 
: “INDIAN Instrrote oF SCIENCE, Recetved September 30, 1942. 
en oe ; BANGALORE. 


PHOTOCHEMICAL OXIDATION OF MANDELIC ACID BY BROMINE 
WITH TUNGSTIC ACID SOL AS SENSITISER IN * 
ULTRAVIOLET LIGHT OF 254° un. 


By J. C. Gnosu, S. K. BHATTACHARYYA AND K. R. Kar. 


A detailed investigation has been made on the oxidation of mandelic acid by bromine with tungstic acid sol 
as the sensitiser in ultraviolet light of 254 yy. The reaction is uninolecular with respect to bromine and also 
with respect to mandelic acid. The velocity constant passes through a maximum at m4’o5 and it is indepen- 
dent of the concentration of sodium tungstafe so Jong as the pu is constant. The velocity constant is proportional 
to the intensity of radiation absorbed by tungstic acid sol. Temperature coefficient is small and the quantum 
efficiency is more than unity, A mechanism has been suggested 


Ghosh and Purakayastha (Z. physikal. Chem., 1932, B, 9,54) have allready shown that 
bromine reacts with mandelic acid directly only at wave-lengths above 313 wp. In the regio 
below 313 up the reaction is a purely sensitised one. Ghosh and Roy (Z. phystkal. C hem., 1936, 
B, 82, 158) have studied the photochemical oxidation of mandelic acid by bromine in wave-length 
254 ## with uranyl sulphate as sensitiser. The object of the present investigation was to study 
the same photochemical oxidation with tungstic acid sol as photosensitiser in wave-length of 
254 Mp. 

; The oxidation of miandelic acid by bromine in presence of tungstic acid sol occurs in the 
dark to a Small extent. By adding a very dilute solution of potassium bromide (0'005 M) to the 
reaction mixture the dark reaction was completely stopped. Ghosh and Purakayastha (Z. physikal. 
Chem., 1930, B,7, 285 ; J. Indian Chem. Soc., 1929, 6, 361) have shown that the photo-oxidation 
of mandelic acid by bromine is unimolecular in the absence of KBr and also in presence of a small 

~- quantity of KBr ; and the length of the dark reaction chain following the primary photo-process 
in this case is quite considerable. In the presence of excess of KBr it is found, however, that 
the reaction becomes zero molecular and simultaneously the chain length is also considerably 
diminished. A small addition of KBr at the start ensures the advantage that the bromine ion, 
produced during the initial stages of the reaction when the velocity is being measured, does not 
exert any perceptible retarding effect, if it is very much less than the bromine molecules already 
present. In the present investigation the reaction was found to be unimolecular. 


EXPERIMENTAL. 


The experimental arrangement was the same as was described by Ghosh and Bhattacharyya 
in the previous paper (this tssue, p. 503). 


Kahlbaum’s extra pure mandelic acid, Merck’s extra pure ‘reagent’ bromine, Merck’s 
pure potassium bromide, sodium tungstate and HCl were used, For making solutions bi- 
~ distilled water was used. 


The velocity of reaction was found to follow a unimolecular course with respect to bromine, 


the velocity constant being calculated according to k= log ae where a is the initial concen- 


. 
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tration of bromine in g. mols per litre and x, the change in concentration of bromine in g. mols 
per litre in time t minutes. The experimental data are recorded in Tables J to VI. 


A= wave-length ;-Jsps =no. of quanta absorbed by tungstic acid sol per c.c. per second ; 
O=temperature; t=time in minutes; T,=titre difference inc.c. of o’o1N-thiosulphate corres- 
ponding to o’29 c.c. of the reaction mixture when exposed to light passing through bromine 
filter for £ miputes; T,=titre difference in c.c. of o’orN-thiosulphate corresponding to 0'29 c.c. 
of the reaction mixture when exposed.to light passing through bromine filter and tungstic acid 
sol filter in series for t minutes ; T,=titre difference in c.c. of o°01N-thiosulphate cortesponding 
to o'29 c.c. of the reaction mixture due to reaction only for 254 wp in t minutes ; and y=quantum 


efficiency. 


TABLE I. 


A=254 pu. Mandelic acid=o'25 M. Na-tungstate=o'o25 M, 


KBr=o0'005 M. 


Conc. of 
total Brg. 


0'044 M 


0°028 


9 02 


Effect of varying the Concentration of Bromine. 


200 


200 
. 


Pe 


. 0°82 


0°62 


0°40 


Tabs =35°4 X% 107}, 

- Ts. T3. kx1074, 
0°55 0°27 56 
0°45 O°17 5°5 
028. .o°r4 55 


HCi= 
6= 30°. 


ve. 


0'0383 M. 
bu =4'05. 


6°4 


»4°3 
3°r_ 


stay 


From Table I we see that the velocity constant is independent of the initial concentration of 


bromine: 


i 


~ > "Taste II. 


Tabs =1'8 X r07%, 
- ‘Total Br.=0'025M. 


Other conditions same as 


in Table I. 


Mandelic kx1074, 
acid, 


o'as M 14 
“9°3r° vee Bee, 
0°38 a°2 
O45 85 


From Table II, we see tha 


, mandelic acid. 


y. 


45 


“53 


6'9 


77 


“TAL III. 


TABLE V. 


Other conditions 


same as 
in Table I. 


Mandelic k x 1074. 


acid, 
0°31 M 
0°42 - + 3 


y 


23 
43 
30 
56 


TABLE IV. 
Total Bro = Mandelicacid=o'31M. Total Br,=o0'o32M. 
0°003M.. Total Br, =0'032. 
Other conditions same Other conditions same 
‘as in Table I. as in Table I. 
“pa. kx tos... ‘Tungstate. ex ro7S, Tabe’ 
x107}8 
o'125 M 2°2 Ir@ 
55a 6 15 : 
: 0°025 2°3 22.1. 
“54° 7-7 2"0 
00375 | 22 1I'2 
4°05 57 4 
2 * Sa 42°1: 
2660 o’g . 
2°12 0'8 


t the velocity constant is proportional to the concentration, of 


--7 


wy 
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Effect of varying the px of the Solution.—The velocity constant passes through a max- 
imum at pr =4°05. 

Effect of varying the Concentration of Sodium Tungstate.—From Table IV we see that the 
velocity constant is independent of- the concentration of sodium tungstate so long as me pb" is 
kept constant. . rn : 

Effect of varying the Intensity. —It is evident from Tasrg V that the vaioaity dofietant tis 


directly proportional to the intensity of radiation absorbed by tungstic acid sol. 


TaBLe VI. 
Effect of varying the temperature. 


A=254 pps Tia =8°8X 1077, po =4'05. v= Temperature coefficient 
for 10° rise. Total Br,=0'032M. 


: kx1o7# : 
Mandelic _ Tungstate. HCl Total —_ 
acid. Brg. KBr. . 9=30° 8=40° v 
031M 0025 M 0'0383 M 0032 M 0 005 M 17 23 1°35 
DISsScUSSION. —_— 


The reaction has the following characteristics :— 

(a) The velocity of reaction is unimolecular with respect to bromine and also with respect 
to mandelic acid; (b) there is no induction period ; fc) the velocity constant is independent of 
~ the concentration of sodium tungstate so long as the hydrogen-ion concentration is kept constant ; 
(d} the velocity constant passes through a maximum at pa 4°05 ; (e) the temperature coefficient 
* is small}. ff) the velocity.constant is proportional to the intensity of radiation absorbed by tungs- 
tic acid sol; (g) the quantum efficiency lies between 1 an@ 7. 

The fact that the velocity constant is proportional to the intensity of absorbed radiation 
and not to its square root leads to the conclusion that bromine atoms are not the active pagent 
The simplest mechanism of reaction may be imagined as follows. 

The surface concentrations of both bromine and mandelic acid on tungstic acid micelle are 
proportional to their respective bulk concentrations. A centre of reaction on the tungstic acid 
micelles produced by absorption of a quantum of radiation is reduced by a neighbouring mandelic 
acid molecule. The reduced tungstic acid is in its turn oxidised by a molecule of bromine. 
When the stationary state is reached, the velocity of oxidation of mandelic acid is equal to the 
velocity of reduction of bromine and each in its turn is proportional to the respective surface 
concentration. The observation that one quantum of radiation can transform several molecules 
can only be explained on the basis that the energy-rich product of reaction may bring: -into 
activation new centres of reaction on the surface of the tungstic acid miceles. 
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' STUDIES ON PHOTOCHEMICAL REACTIONS BETWEEN AMMONIUM 
MOLYBDATE AND VARIOUS ORGANIC REDUCING AGENTS 
IN WAVE-LENGTH 366 yp. 


By S. K. Baarracsaryva, K: R:;-Kar anp “A. R. Sur. 


The reduction of ammoninm molybdate by tartaric acid, mandelic acid and lactic acid in ultraviolet light 6f 
366 uu has been studied. The products of photoreduction vary in their physicochemical properties: Depending 
on the relative concentrations of the molybdate and the reductant, the reaction products are sometimes green, 
sometimes greenish yellow, sométimes pale yellow and even colourless. The green product predominates in 
excess concentration of molybdate and the colourless product predominates in excess concentration of the reductant. 
The kinetics of the reaction vary when the end-products of reaction are different. It has been found that the 
maximum velocity of reaction is obtained when the end-product is pale yellow in colour, the velocity of trans- 
formation being always less when the green products are formed. 

Ghosh and his collaborators (J. Indian Chem. Soc., 1936, 14, 495) have made quantitative 
investigations on the oxidation of various reducing agents by photoactive sols of tungstic acid, 
molybdic acid, wianic acid, vanadic acid and ceric borate in both polarised and unpolarised lights. 
The results obtained may be grouped into two heads :—(i) with tungstic, vanadic and ceric borate 
sols, l- Lcircularly polarised light has been, found to be more effective than d- circularly polarised 
light in bringing out the photochemical reaction ; (i) with molybdic and uranic acid sols, d- and 
l- circularly polarised lights have been found to have the same efficiency. 

Hakomori (Sci. Rep. Tohoku, 1927, 16, 841) has shown that hexavalent uranium salt in 

~~egetitral solution forms a complex with tartaric acid in molecular proportions and this complex 
undergoes photochemical reduction to the quadrivalent state on exposure to sunlight. Dumansky 
and Diatschkovsky (J. Russ. Phys. Chem. Soc., 1928, 80, 1053) have shown that sodium tungstate 
forms. a colloidal: complex with tartaric acid solution which becomes blue on exposure to light. 
Gernez (Compt. rend., 1887, 104, 785; 108, 85; 1889, 108, 942) investigated the changes in 
rotatory power of solutions of tartaric acid in presence of alkali molybdates with increasing 
concentration. He foind maximum rotations when the acid and salts were mixed in equimolar 
proportion and this fact was considered to point tothe formation of definite complex salts... The 
same method was adopted by Rosenheim and Itzig (Ber., 1900, 88, 707) with tarialic acid and 
alkali molybdates and polymolybdates and also with tungstates and polytungstates. Klason 
and Kohler (Ber., rgor, 84, 3946) extended Itzig’s work and found that the maximum rotations 
given by, sodium hydrogen tartrate depend on other factors beside the amount of alkali metal, 
such as the ratio of molybdic acid, concentration of the active substance and the temperature 
of the solution. Compounds of the general formula R, (XO;). C,H,0, (R= alkali metal; X=Mo, 
W) have “beet prepared by Rosenheim and Itzig in the crystalline form. ‘That complex formation 
occurs when atimonium molybdate is mixed with weak organic acids, viz., tartaric acid, lactic 
acid and matidelic acid, is supported by Britton and Jackson (J. Chem. Soc., 1934, 1055). 

The object of the present investigation was to study in details, the photoreduction of the 
complexés formed of ammonium molybdate and the various organic reducing acids, e.g., tartaric 
acid, mandelic acid atid lactic acid i in both polarised and unpolarised light. 


EXPERIMENTAL. 


‘The experimental arrangement was the same as was described by Ghosh and Bhattacharyya 
in a previous paper (this issue, p. 503) with one alteration. The spectral region of 366 pp 
was isolated with the help of ‘‘ Schott and Gen ultraviolet filter no. 312”. 

Reagents,—Merck’s extra pure ammonium molybdate, and d-tartaric acid, J-tartaric acid 
and racemic acid supplied by ‘‘ Dr. Landau and Frankel Co.” further purified by crystallisation; 
Kahlbaum’s extra pure I-lactic acid and r-mandelic acid were used throughout the investigation. 
For making solutions bi-distilled water was used. For px control Merck’s extra pure HCl was used, 


’ 


a“ 


'§, K, BHATTAOHARYYA, K. R. KAR AND A, R. SUR - Bil 


Measurement of the Velocity of Reaction.—The velocity of reaction was determined by 
pipetting out ‘0’98 c.c. of the reaction mixture in & conical flask containing 5 c.c. of dilute H,50, 
(x:20) and titrating the reduced molybdate with o’orr5N-KMnO, solution by means of a 
nicroburette. It isto be pointed out, here that KMnO, solution of the above concentration 
cannot oxidise tartaric acid, lactic acid or mandelic acid in the cold ; so that the reduced molybdate 
was easily estimated by means of o’or15N-KMnQ, in presence of the above reducing acids. ‘he 
reactions were carried out at 29°. ‘The pa value of the mixture was measured ee 
by using a quinhydrone electrode. . ‘ 

The reduction of ammonium molybdate by tartaric acid, lactic acid and secdeHe acid does 
not proceed in the dark but on exposure to light of radiation 366 pp rapid reaction goes on. 

The products of photoreduction vary in their properties. Depending on the relative 
concentrations of the molybdate and the reductant, . the reaction products are “sometimes green, 
sometimes greenish yellow, sometimes pale yellow and even colourless., The green product 
predominates in excess of molybdate, and the colourless product predonitnates } in excess of the 
reductant. The kinetics of photochemical reactions will naturally vary when the end-products 
of reaction are different.~ We have found that the maximum velocity of photochemical reaction 
is obtained when the end-product is pale yellow in colour, the velocity of transformation being 
always less when the green products are formed. ; : 

Intensity Measurement.—The intensity of radintions absorbed by the reakHon mixture was" 
measured by means of a Moll galvanometer and a Moll thermopile calibrated by means of a 
standard lamp, supplied by the Bureau of Standards. The intensity of absorbed radiation was 
measured by noting the deflections when the light passed through (a) pure water alone and (6) the 
reaction mixture. ‘The difference in defléctions in the two cases gave the intensity of radiation 
absorbed by the reaction mixture. « - 

The results are tabulated in Tables Ito VIII. In the given tables-Ax/At=zero ee 
velocity constant= changes in concentration of 0’98 c.c. of ammonium ‘molybdate se minute in 
terms of c.c. of o ‘or15N-KMnQ,. 


Taare I. 
Effect of varying the concentrations of both ammoninm molybdate and tartaric acid. 


Reductant=d-tartaric acid. ‘Temp. (6)=29°. pa =1'71. Wave-length (A)=366 yp. 


Cone. Concentration of tartaric acid in normality. 
of Mo.* 0°025. 00S. 0'075- Ok. o'ra5. 02. o'4. O's 0 8, 
o'orsN Ax/At.1ot  ... 20°0 30°8 30°2 20 4 13°7 e. 10°8 
Colour of the ... Green Pale Colour- Colour- Colour- ve Colour- 
product yellow less less less less 
Tabs-t07?? 4, Aro 410 41'0 410 41'0 st 53°8 
005 AxwfAtiot who. 30°0 30°0 30°3 ssi 20°r 20°0 
Colour Ss ges Green Greenish Pale se Colour- Colour. 
yellow yellow less less- 
Iqbs.I07~ 13 sae 42°8 440 44°2 eee 50°0 _53°8 see 
o1 | Ax/At.10+ 10'0 2x6 300 43°3 43°3 43°3 43°3 43°3 43 3 
Colour Green ~ Green Green Green Greenish Pale  Colour- Colour- Colour- 
yellow yellow less less less 
Iabs"r07? ® _ 53°8 57°0 57°0 57°0 57° 57°70 5770 57°° 57°0 
02 Ax/Ataict - 45°52 g'og 16°6 .21'6 270 43°0 86°6 86°6 86°6 
+ Colour Green Green Green Green Green Green Pale Colonr- Colour. 
. yellow less less 
Tabs -107** 544 -54°4 54°4 54°4 54°4 55°6 ee 55°6 55°6 


Tabs =n0. of quanta absorbed per c c. per second. 
* The equivalent weight of meg Pelat has been calculated on the basis of one equivalent containing one 


gram atom of molybdenum.. 


512 °C, PHOTOCHEMIOAL REACTIONS OF AMMUNIUM MOLYBDATE 


TABLE II. 


Effect of varying the concentration of both ammonium molybdate and mandelic acid. 
Reductant=1-Mandelic Acid. @=29°. pa=1'71. A= 366 MyM. : 


Conc. of Mo: Cone. of mandelic acid in “normality 
‘ 0°025 0°05 o'L O°2 0'3 oF4 - 
o’oasN Ax/ At .10* 216°6 40'0 34°4 | 347 366. _ 
Colont - Green Pale yellow Colourless Colourless Colonrless — 
Tabs 10733 65°4 65°4 65°4 69°2 69°8 —_ 
6°05 Ax/ At .104 14°2 25'0 43°3 53°3 80'o - _ 
Colour Green Green Greenish yellow Pale yellow Colourless — 
Tabs «10718 65°4 .- 76°2 76'2 * 762 5 76'2 _ 
o1 ¢ Az} At .r0* Io’4 ar‘7 -  40°0 80°0 1200 123°3 
' Colour Green Green Green Greenish yellow Pale yellow  Colonrless 
. Tabs .1071* 72°o 92°0 720. | 72°0 720 72°0 
0'2 "Ax/ At .10¢ 88 166: ~ 33 0 67°0 120'0 1433 
ee nA Colour Green Green Green Green Greenish yellow Pale yellow 
. Tabs 107?" 72°0 74°0° 74°0 74°0 74°0 74°0 
TABLE III. _  « Tasue IV. 
a Effect of varying the conc. of l-lacttc Effect of varying the conc. ‘of ammo- 
fo acid. nium molybdate. 2 
6=29°. pu= 1°71. A= 366 pu. Conc. of Mo=o'2N. 6=29°. pu=r'71. A=366 wu. Lactic 
a : - acid=0'4 N. 
Conc. in normality of lactic acid. j Cone. of Mo in normality. 
O'I5 $02 0°38 04 06 o'8 o'01a5 0°025 «005 Ol o°2 
Ax./At.10* 14° 25°0 37°70 + 53°3 65°2 63°x Ax/At.10* 770 I4'7 26°3 531 53°3 
Colour Green Green-Green Greenish PalesColour- Colour Colour- Colour- Colour- Colour- Greenish 
yellow yellow less - less less less less yellow 
Tabs .t0™?* 55°8  60°'0 60'0 60'0 60'0 = 60'0 =~ Tabs 07? = 52°0 56°0 56°0 60°0 60'0 
Taney V. TasLe VI. ; 
Effect of varying the intensity of absorbedtadiation.  Liffect of varying the nature of tartaric acid, - 
A= 366 wu, O= 20°. pa=1'71. Tabs X 1072? =57'0, A, and pa as in Table V. 
Inbs -10"? 3, Mo. cee Ax, tot (Ax/At): [Tobslr os of Se Ax. 10'. 
- At (Ax/Af)n ” [Tabs ms tant. At 
ee og sei one ‘2 me d-Tartaric acid o'IN o'1N 433 
tO 70°0 o’1 a ee A 37 ; I-Tartaric acid ” ” ” 
r-Mandelic acid. act Racemic acid. ” ” ” 
I 740 o'2 0°32 67'0 39 . 39 
I ig'2 0'2 0'2 17°l 7 TABLE VIII. : 
; ; Peeche dele: : Quantum efficiency of the process. 
I 60'o 072 o'2 25°0 4°9 5'2 
MN «w6 8 o% o"2 5°2 A= 366 wp. O=20°. pa=1'71. n=No. of mole- 
Tapue VII. cules transformed per c.c. per second. 7 a 
Effect of varying the pu. ’ a o seat n.to7t® Tabs 0728. 
O=29°. A= 366 wp. Conc. of Mo=o'2N. d-Tartaric acid. 
o-2N o'2N 50'9 556 "9 
labe 107** fu. [Tartaric acid]. Ax/At xro*. oa ah Bey ae ers 
5474 4°95 o°02sN 46 ° - r-Mandelic acid. 
, , : 02 02 20°2 19°2 rer = 
544 v7I » D5 ox ol 47 4 72°4 07 
; : : . o'2 03 142°2 74°3 r'9 
544 i 0'075 #21 1-Lactic acid. 
54°4 71 ” 16°6 02 02 29°6 59°9 05 


‘ : o2 0'6 77°2 6r°0 1°3 


* 
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Thus we see that the velocity constant increases slightly with decrease in pu. 

From Table V, we see that the velocity of reaction is directly proportional to the intensity 
of absorbed radiation. From Table VI we see that different optical isomeric tartaric acids as well 
as racemic acid have got the same efficiency in the photoreduction of ammonium molybdate. 


Table VIII shows that quantum efficiency is nearly unity. 

It was found that unpolarised, plane polarised, d- and 1- circularly polarised lights are equally 
effective in bringing out photoreduction of ammonium molybdate by d-tartaric acid, /-tartaric 
acid, racemic acid, 1-lactic acid and 1-mandelic acid. 


DISCUSSION. 


Table I.—(a) With excess of tartaric acid, the products are always colourless and the whole 
of the incident radiation is absorbed. In the vertical column corresponding to o'4N tartaric 
acid, it will be seen that the velocity of reaction increases as the concentration of molybdate 
increases; the proportionality is nearly exact. . 

“(b) For relatively low concentration of tartaric acid, when the reaction product is definitely 
green, horizontal columns 3 and 4 show that for a fixed concentration of molybdate the velocity 
of reaction is also proportional to the concentration of tartaric acid. Again comparison of the 
data in horizontal column 3 with the corresponding data in horizontal coluinn 4 show that for 
the same amount of light absorption, the velocity is inveisely as the concentration of molybdate. # 

(c) The velocity of reaction for any one concentration of molybdate becomes maximum 
when the relative concentration of molybdate and tartrate are such that the reaction product 
looks pale yellow in colour. In this 1egion the reaction mixture consists approximately of two 
equivalents of tartaric acid to one equivalent of molybdate, the equivalent weight of molybdate 
being calculated on the basis of one equivalent containing one gram atom of molybdenum. 

Table IJ.—The results with mandelic acid as reductant are generally similar to those 
obtained with tartaric acid as reductant. Thus, for excess concentration of mandelic acid, 
o'3N, when the teaction products are colourless [Mo]=0'025N, 0o'05N, the velocity of reaction 
is approximately proportional to the concentration of molybdate. Again, as will be seen from 
horizontal columns 2, 3 and 4, when the reaction products are definitely greeu-coloured, for any 
one concentration of molybdate, the velocity of reaction is proportional to the concentration of 
mandelic acid. In this region also the reaction velocity for any one concentration of mandelic 
acid diminishes as the concentration of molybdate increases. THe pale yellow solutions, which 
are obtained by reduction, in the region of concentration 1 Mo:2 imandelic acid (approximately), 
are characterised by the maximum velocity of reaction. 

Tables 11] and IV.—The experimental data on the velocity of photoreduction of molybdate 
by lactic acid are similar in general features to those observed with tartaric acid or mandelic acid 
as reductant. + 


The authors wish to express their thanks to Dr. J.C. Ghosh for the facilities he has given 


_us in carrying out this work. 
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THE REDUCTION OF AMMONIUM MOLYBDATE BY LSODIUM 
HYDROGEN ASCORBATE IN THE DARK. 


By S. K. BHATTACHARYYA AND A. fa Sur. 


. The reduction of ammoninm molybdate by I-sodium hydrogen ascorbate has been studied in the dark. It 
has bn found that when the concentration of sodium hydrogen ascorbate and ammoninm molybdate are 
equivalent, the velocity of reaction is a maximum. For excess concentrations of either reagent, the velocity is 
less. ‘This indicates that the velocity of reaction is proportional to the concéntration of the complex formed by 
the association of an equivalent of ascorbate with oné equivalent of molybdate. 


Ascotbic acid, since its isolation in the pure state, has-been a material of absorbing interest. 
During the past few years a large amount of work has been done on ihe physiological action as 
well as on the various physicochemical properties of ascorbic acid. Herbert and co-workers 
(J..Chem., Soc., 1933, 1270) made for the first time a careful investigation of some of the physico- . 
chemical properties of ascorbic acid obtained from nature. Ghosh and Rakshit (Biochem. Z., 
1936, 289, 15 ; 1937, 289, 3953; 1938, 297, 153) and Ghosh (J. Indian Chem. Soc., 1938, 18, 1) 
made a detailed investigation of the physicochemical properties of synthetic l-ascorbic acid and 
dehydio-ascorbic acid. The present investigation was carried out to study in details, reduction 
of ammonium molybdate with sodium hydrogen ascorbate. ~ 

It was found that just on mixing the ascorbate with ammonium molybdate a yellow colour 
is developed which with time becomes green due to reduction of the molybdate. The yellow 
colour of the mixture is due to the forination of a complex. ; 


EXPERIMENTAL. 


The reaction cell (4% 4% 0'5 cm.) made of plane glass plates fused into one another with a 
stopper at the top was placed inside a double jacketted metal box. ‘The temperature was kept 
constant by passing, with the aid of a circulating pump, water from a thermostat through the 
anntlar space of the box.. - : 

. st Reagents,—L-Light’s extra pure synthetic l-ascorbic acid; Merck’s extra pure ammonium 
molybdate’ and NaOH and resublimed iodine were used. For making solutions redistilled water 
was used. : - 

Since ascorbic acid or an ascorbate is easily oxidised by air in presence of mioisture, fresh - 
solutions of ascorbic acid was prepared every time just before each experiment. Sodium hydrogen 
ascorbate was prepared every time by adding an equivalent of NaOH to ascorbic acid solution. 
It is known that px value of sodium hydrogen ascorbate is near about 6. ‘The px value of 
ammonium molybdate was determined electrometrically using a quinhydrone electrode and 
adjusted to 6; On mixing sodium hydrogen ascorbate to ammonium molybdate the px will 
remain nearly constant. 

Since it is very difficult to determine accurately the px of ascorbic acid or an ascorbate the 
principle of isohydry was adopted in keeping the ps constant. 

Determination of the Velocity of Reaction.—The velocity of reaction was determined by 
pipetting out o°36c.c. of the reaction mixture in a conical flask contaming 5 c.c. of N-HC] and 
then estimating the ascorbic acid with o’or12 N-iodine solution by means of a microburette. 
It is to be noted here that iodine cannot oxidise the reduced molybdate formed. ‘The experimental | 
data are recorded in Table I. The reaction has been studied only up to 10-15% conversion. 
In Table I, Ax/ Ai . ro* has been tabulated where Ax/At represents the change in concentration of 
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‘ 9'36c.c. of ascorbic acid per minute in terms of c.c. of o’orr2N-iodine. [Mo] =concentration 


* of ammonium molybdate in g. equivalents per litre, the equivalent weight of molybdate being 


calculated on the basis of one equivalent containing one g. atom of molybdenum. 


f TasLE I. 
ro Effect of varying the concentrations of both ammonium molybdate and 
sodium hydrogen ascorbate. 


pu=6'0. : ‘Temp.=29°. 


Cone. of sodinm hydrogen ascorbate in normality. 


o'o125 =~ 0°045 0°05 o'r 
Conc. of Mo=o'o5N. 
Ax/ At x 104 5°5 98" 77 45 
Colour ; Green Green + Greenish yellow Yellow (original 


colour) of the completed 
Conc. of Mo=o'osN. 


Ax} Atx x04 3°3 14°4 39°0 209 
Colour Green Green Green Greenish yellow 
Conc. of Mo=o'1N. : 
Ax/Atx 108 2°2ar " ra'2 40°0 1450 
Colour Green Green . Green Green, 


m © 


DISCUSSION, 


It is remarkable that when the concentrations of sodium hydrogen ascorbate and ammonium 
molybdate are equivalent the velocity of reaction is maximum. ‘This indicates that the velocity 
of reaction is proportional to the concentration of the complex formed by the association of one 
equivalent of ascorbate with one of molybdate. For excess concentrations of either reagent the 
velocity diminishes which goes to show that the complex is stabilised by both molybdate and 
ascorbate. ‘This conclusion is further supported by the fact that for equivalent concentrations 


s =k [complex]=k! (A- x) (B-x) 


where A and B represent conc. of moJybdate and ascorbate and x= complex formed, 
If x is small compared with 4 or B, and when A=B, 


ax =p! 43 ax =p 432 
fasloen, (ae =v 


1 a 


From Table I we see that for o’025N concentrations of both ascorbate and niolybdate, 


dx =9'8 x 107 


4 

; dt 

and for o'05N concentrations of both molybdate and ascorbate dx/dt=39'0x107* and for o'rN 
concentrations of both molybdate and ascorbate, dx/di=145'0x107*. ‘These results support the 
mechanism suggested. 
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